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ORBIT ANALYSIS TOOLS SOFTWARE FOR THE 
MACINTOSH (VERSION 5) USERS MANUAL 

SECTION 1 - INTRODUCTION 

This document provides a user's manual for version 5 of the Orbit Analysis Tools Software (OATS) 

program. OATS is a mission planning and analysis tool for Earth-orbiting satellites. OATS evolved from a 

collection of software tools developed by the Astrodynamics and Space Applications Office of the Naval 

Center for Space Technology, located at the Naval Research Laboratory in Washington, DC. The program 

and attendant documentation (References 1 and 2) has gone through two previous versions that were made 

available to the public; hence, version 5 is the third public generation of OATS software. 

OATS is a single integrated program that runs on a Macintosh computer. It supplies a dualistic analytical 

environment, providing graphics-oriented analytical tools as well as tabular output that can be used to 

address many of the questions commonly posed by designers planning a new satellite system or by 

managers wishing to assess the performance of an existing system. OATS particular strength is the 

quantification of satellite coverage available from a user-defined configuration of satellites. 

This manual is intended to provide an overview of OATS that will permit potential users to determine if the 

program meets their analytical needs. It discusses all program functions, shows how to access the various 

capabilities of OATS, and presents what the user should expect to see when the program menus and options 

are exercised. If additional discussion of program uses and functions are desired, the user is recommended 

to Reference 3. To complement its overview function, this manual is organized to provide fast access to 

information on single program capabilities. OATS is user-friendly in the accepted Macintosh fashion and 

many users may not require documentation; however, this manual will provide fast access to many of the 

details of program operation and will discuss strategies for efficient use of the program. 

OATS major analytical capabilities and outputs include: 

• Computation of pass parameters for a satellite and ground station, including azimuth, elevation, range, 

and range rate as a function of time, the times of acquisition of signal (AOS) and loss of Signal 

(LOS), and signal attenuation. 

• Computation of coverage statistics for a set of targets under a system of satellites with user-defined 

attitudes using an optional set of ground stations for communication links. Statistics include rise and 

set times, duration of coverage, outage, and revisit times, and maximum, minimum, mean, and 

standard deviation of coverage, outage, and revisit times. 

Manuscript approved March 4, 1997. 



. Computation and display for a system of satellites and ground stations of coverage data on a global 

grid Display can be as a contour mapping of coverage isochrones or as a density mapping of regions 

of equal coverage. Capabilities exist for comparison of multiple sets of graphical coverage data. 

.   Creation of global maps, using a selection of two- and three-dimensional map projections. 

. Creation of satellite ephemeris data, using a selection from four different orbit propagators and six 

orbit element data set formats. Provisions exist for fast display and inspection of ephemens files. 

.   Display satellite geographic data, including position, field-of-vtew (FOV), ground tracks, and 

coverage swaths. 
.   Compute and display the overlap of instantaneous multiple satellite FOVs, defined in OATS 

terminology as snapshots. 

.   Display ground geographic data, including target and ground station positions, ground station fields- 

of-view (FOV), and Earth shadow data. 

.   Display of all mapped data with user-controlled colors, line widths, shading densities, and icon sizes. 

Users should be aware that OATS employs the DynaFace software (Reference 4) to build its fundamental 

working Macintosh foundation. DynaFace makes possible all the basic types of environmental elements 

like graph.es display windows, dialogs, and editors, as well as a fast, clean interface to most Macintosh 

toolbox utilities. In virtually all cases it is unlikely that users will notice DynaFace at all. 

This manual will presume familiarity with basic Macintosh operations, including features like use of the 

mouse, selecting program functions with menus, setting program parameters and options with dialogs, and 

the standard Macintosh file interface dialogs. Users should also bear in mind that in typical Macintosh 

fashion OATS provides a working environment with a multitude of choices and analytical pathways, rather 

than a linear program with a narrow and well-defined set of inputs and outputs. 

Section 2 provides information about software distribution and operating requirements. Section 3 discusses 

the design philosophies behind OATS and Section 4 is an overview of the OATS system. Both of these 

sections are general, high-level views of OATS' conventions, capabilities, and operating environment. 

Section 5 contains a discussion of all menu commands used to control and change the OATS operating 

environment, including window control parameters and printing. Section 6 explains the use of each of the 

orbit propagators and the generation of ephemeris data. Section 7 is a lengthy chapter because it discusses 

in deta.1 the many plotting functions available to OATS users. Much of the program's analytical techniques 

are explained in Section 8, which shows how to perform the various satellite coverage analyses. Section 9 

discusses the opening and inspection of ephemeris files and satellite attitude files, which are required for 

most of the analysis available through OATS.   Section 10 discusses the format of self-generated and 

2 - 



external files. Section 11 is the last chapter-it presents a sample introductory session that can be used as a 

quick-start training exercise for beginning users. Three appendices provide supplemental information. The 

satellite antenna pattern definitions are contained in Appendix A. Appendix B contains helpful tips 

regarding processing of data with OATS, and Appendix C provides a review of the definition of orbital 

elements. 

i 
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SECTION 2 - DISTRIBUTION DISKETTE 

OATS runs on a Macintosh computer under System 7. The OATS executable program and related files are 

contained in a self-extracting archive file on a single high density 3.5 inch diskette, which may be obtained 

from the authors. Alternatively, the program is available over the Internet via the homepage of the Naval 

Research Laboratory, 

http://www.cmf.nrl.navy.mil/ 

or directly via the OATS Internet address, 

http://ssdd.nrl.navy.mil/www/oats/oats_welcome.htmlx 

Versions of the software have been created to run with the Macintosh 88030 central processor unit (CPU) 

using a math co-processor, with the 88040 CPU, or with the Power PC. Interested users should specify 

which CPU they will be using to run OATS when they request a copy of the software. 

OATS requires three megabytes of memory for minimal function; however, many of the graphics 

procedures require added memory. Experience has shown that OATS runs more efficiently if at least five 

megabytes of memory is made available. No additional files beyond the executable are required to run 

OATS; however, eleven small example data files are provided to assist the beginning user in gaining 

familiarity with OATS. The use and content of these files is discussed in Section 11, which provides a 

quick-start training exercise on the use of some of the major features of OATS. 

4 - 
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SECTION 3 - PROGRAM DESIGN PHILOSOPHIES 

Every piece of software comes with some set of inherent design philosophies and approaches to problems. 

In principle these design issues should be transparent to the user as much as possible, but in practice some 

aspects of program construction will show through. OATS is no different. This section presents a 

collection of design issues which impact on how the user approaches execution of the software. It would 

be helpful to keep these issues in mind when using the program. 

T1 IMPORTANCE OF EPHEMERIS FILES 

The OATS program combines orbit propagation models with numerical and graphical coverage analysis 

algorithms. The design philosophy of OATS has been to separate the orbit models from the analysis 

processes. The reason for selecting this architecture is so that an arbitrary number of different orbit 

propagation codes can be added to the program without affecting any of the analysis codes. Thus, when 

doing mission analysis with OATS the user must always have satellite ephemerides available before 

proceeding with any of the coverage analysis functions. OATS is engineered to generate ephemeris files 

using a variety of orbit propagation models, and it is expected that a typical user will employ the OATS 

orbit propagators to generate ephemerides prior to performing analysis; however, OATS is also capable of 

employing imported ephemeris files if they use a prescribed format. The only difference between use of 

internally generated ephemeris files and exported ones is that processing will be slightly faster for the 

internally generated files. 

3.2 LAYERING 

When OATS creates graphics plots, it uses a layering technique similar to such programs as MacDraw 

(Reference 5). For example, a map drawing (see Section 7.3) can consist of as many as five layers of 

drawings when it is first created. The on-screen appearance is very much like stacking a set of 

transparencies for a projector. These layers are maintained as a list, with each layer receiving a unique 

name assigned by the OATS program. The program also provides a set of tools that allow the user to view 

and manipulate the list elements. For example, at the user's discretion some subset or the full set of the 

layers involved in a generated map can be "glued" together into a single layer. Alternatively, the list of 

layers could be maintained separately and manipulated via program tools. Separate layers can be moved 

forward or backward in the list, or deleted as necessary. Plotted items can usually be immediately erased 

from the drawing without impacting other previous layers in the drawing; however, the user should be 

aware that a few circumstances dictate that an immediate erasure will eliminate all layers. 

- 5 



As examples of the usage of layers, consider that a simple plot of a list of targets (see Section 7.5) is a 

single layer that can be moved in the layer list, removed, or re-drawn as often as needed to get it correct. 

On the other hand, if a zoom process on a target layer superimposed on a map is exercised (see Section 

7.4.1), most users will "cement" all plotted layers together before the zoom. Because only the top layer 

gets enlarged, performing a zoom without a combination would enlarge the targets and not the map-thus 

losing the background information provided by the map. Once compounded, layers cannot be separated, 

implying that if the layer of plotted targets is subsequently found to be in error, the entire plot must be 

redone to correct the problem. One of the ramifications of the layering approach is seen whenever it is 

necessary to reconstruct the screen, for instance when a dialog is temporarily shown over top of the 

graphics window. The screen is re-drawn one layer at a time. If there are many layers, this can become 

time consuming. 

3.3 DAJACHjECKING 

OATS performs checks of entered data; however, modifications to the user entered data by the program are 

minimal. Unusual entries are flagged and an ALERT is displayed, but usually no attempt is made to alter 

or "fix" the data. In the isolated cases where OATS tries to implement a "fix", the user is conspicuously 

notified. Otherwise, any unusual data entries are carried along after an ALERT is given. It is the 

obligation of the user to correct them. Choosing to ignore an ALERT may cause generation of incorrect or 

invalid data, or may cause a program crash. 

3 4 WORK FILES 

OATS uses scratch space work files for some processes. During the course of a normal program execution, 

these files are deleted and the user doesn't see them or have to deal with them. Abnormal endings of 

program execution may result in leftover files that the user may wish to delete. These files can be 

identified because they are created in the directory from which OATS is launched and bear a "TEMP." 

prefix. If space is severely restricted on the user's computer, there may also be system generated error 

conditions if the scratch files overflow storage capacity. 



SECTION 4 ■ OVERVIEW OF THE OATS SYSTEM 

This section presents an overview of the OATS software. It discusses the OATS high level menu system, 

menu display conventions, dialog display conventions used in this manual, and windows used by the 

program. Detailed information on the various menu options and dialogs available through OATS can be 

found later in this manual in Sections 5 through 9. 

4 1 OATS MAIN MENU 

Figure 4-1 shows the OATS Main Menu as it appears when the program is initiated. These menu selections 

are broken into two groupings. The first group is covered in Section 5, and includes all menu items geared 

toward control and definition of the OATS operating environment. These menu items include: 

• Rpple () - Provides access to overview functions associated with OATS. 

• File - Provides functions used to manipulate files associated with OATS. 

• Edit - Provides most normal Macintosh editing functions, some of which are applicable to graphics 

windows as well as to the text editor windows. 

• LUindOLD - Provides controls for manipulation of and definition of windows used by OATS. 

6   File    Edit    Window      PFcspajpti©     PDcsG    EEODSFajp    EsQa 

Figure 4-1. OATS Main Menu 

The second group is covered in Sections 6 through 9, and includes the analysis tools used by OATS to 

perform orbit and satellite coverage analysis. Note that these menu options will appear as a different color 

than the environment options. These menu items include: 

• Propagate - Provides functions required to generate ephemeris files, including access to and 

display of orbital elements. 

• Plot - A large menu system that gives the user the ability to define and execute graphics plots of 

satellite orbits and coverage information. 

• Couerage - Provides access to the analytical tools that generate information related to satellite 

coverage and visibility. 

• Data - Provides functions required to open existing ephemeris and satellite attitude files for use by 

OATS processes or to preview existing files. 
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As is common in Macintosh applications programs, selection of any of the menu items shown in Figure 4-1 

will yield an additional list of menu items-some of which themselves will also yield sub-menu lists. In this 

manual, the conventions used to show the result of selection of a menu item are characterized in the sample 

menu shown in Figure 4-2. As shown in this sample: 

• 0 p t i O n H. . . shows a dialog used to set execution parameters 

• OptionB ►     produces a sub-menu of choices 

• H C t i 0 n R executes a process 

• RctionB        §§H      executes a process just like HctionR but which can also be executed without 

using the menu system by entering the two keystroke §€-H command-key 

Sub-Menu 

OptionR... 
OptionB > 
HctionR 
RctionB       ail- 

Figure 4-2. Sample Menu Display 

A * rtTAT OP, DISPLAY CONVENTIONS 

Figure 4-3 presents an idealized OATS dialog. Dialogs in this program utilize most of the standard tools 

available in Macintosh user interfaces, such as command buttons, static text and static pictures, on/off 

checkboxes, mutually exclusive radio buttons, and control scroll bars to allow selection of a value on a 

scale between fixed endpoints. Whenever any such item in a dialog is mentioned specifically in the text of 

this document, the convention will be to italicize the item (e.g. Standard Macintosh Checkbox) to make 

clear that an individual dialog item is being singled out. 

There are several dialog display devices that are peculiar to this manual, and which are also shown in 

Figure 4-3. These include: 

• Program Generated Data - These fields show locations where OATS will provide information to the 

user, and for which the program has control of what is displayed. Dialogs are shown with a 

representative value in place in these fields. Actual displays will of course depend on the various 

program settings elected by the user. 

• User Supplied Data - These fields allow data to be entered by the user. Typically the program will 

supply some type of default or previously assigned data. The user's data is entered by using the 

mouse or the TAB key to place the cursor in the desired field before typing in data. OATS displays 



of this type will contain a number for both numerical entries and for text entries indicating the 

expected maximum number of digits which the user should use to enter data into this field. 

• Overlying Sub-Dialogs - In some cases, overlying dialogs are used such that a dialog is used to enter 

data complementary to the large dialog interface upon which it is shown superimposed. The location 

of the overlying dialogs is shown by a hatched rectangle. 

• Lists of Objects - These are also shown with a few representative elements in place. In cases where 

some other aspect of the dialog is directly dependent on which member of the list is selected, a 

member of the list is shown highlighted. 

• Transient Pictures - In a few cases, transient pictures are drawn within dialogs. The locations of these 

items are shown in the dialog in which they are drawn. 

Representative Sample ORTS Dialog 

D Standard Macintosh Checkbox      Static Picture 

Standard Macintosh Radio Buttons   Static TeKt 
O Choice 1 
O Choice 2 

12   3   4   5   6   7   8 

Standard Macintosh        I   I   I   I    I   I   I   I 

Command Button 

Rction 

Transient Pictures 

Program Generated Data   57.381 

User Supplied Data 

Ouerlying Sub-Dialog 

FILENAME List of Objects 
List Element 1 
List Element 2 
Li'stOejTieirtV 

Figure 4-3. Sample Dialog Display 

There is one additional dialog display convention that is pertinent to all dialogs. As with many Macintosh 

programs, OATS often provides a series of dialogs that are nested in a tree structure and called from other 

dialogs. It is a useful mechanism for subdividing the organization of data entry and display. In order to 

remind the user how deep the current active dialog lies, into the dialog nesting, a color scheme is used. All 

colors are pastels so there is no problem if a user is operating the program in a black-and-white 

environment. From most shallow to deepest, the nesting colors are blue, yellow, green, and red. 

4 4 OATS WINDOWS 

OATS utilizes four work windows, the controls for which are discussed in Section 5.4. These windows 

include the following. 
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4.4.1 GRAPHICS WINDOW 

Due to the graphics-oriented approach of the OATS program, this window is unquestionably the most 

important. It is also the default window that is opened when the program is initiated. It is a full-view 

unity-scale graphics window used for all OATS mapping, orbit plotting, and coverage contouring activities. 

It should be thought of as the local active drawing window, even though it may not show all objects in the 

plotting region. DynaFace provides a single drawing area (i.e. plotting region) which has maximum 

dimensions of 30,000 by 30,000 pixels, and which can be divided into many pages if required. It is 

extremely unlikely that any OATS user would ever require anything even close to such a large drawing 

area. Memory demands for such an area would also be difficult to accommodate. Seldom is more than one 

page needed, and multiple pages can be confusing to unpracticed users. Most commonly the drawing area, 

the Graphics Window, and the screen size are equivalent and are set to dimensions that are in the range of a 

few hundred to perhaps a thousand pixels on a side and are undivided (i.e. single page). This typically 

supplies all the resolution needed for OATS problems. However, there may be some circumstances where 

OATS will employ a drawing area that measures a few thousand pixels on a side (for example, see 

Appendix B). Since the typical Graph Window must still conform to screen dimensions that are a few 

hundred pixels on a side, only a modest percentage of the drawing area would be visible at any given time. 

Consequently, it could be difficult to keep track of what has been plotted. For this reason, the Graphics 

Window has two settings-a full-view used for the majority of normal plotting and a reduced-view for 

viewing large plot areas. The reduced-view echoes the full-view Graphics Window; however, at a 

significantly smaller scale so that the entire plotting area is visible. Because of the scale compression, 

clarity is compromised in order to provide a comprehensive view. The reduced-view function is most 

helpful if the user elects to use multi-paging of plots where not all plotted data is visible in the Graphics 

Window. This setting is scaled according to settings in the window set-up controls (see Section 5.4.3). 

The Graphics Window is a standard Macintosh window, as depicted in Figure 4-4. The only in-window 

controls are the close box in the upper left title bar, the grow box in the upper right title bar, the scroll bar 

controls along the bottom and right sides of the window, and the size box in the lower right corner. 

OATS draws plots in the Graphics Window within a highlighted plot frame, a rectangular area with a solid 

line defining its edge. If moving or resizing the plot frame, the edge becomes broken and moving in the 

usual sense of a Macintosh marquee. It is common to allow the plot frame region to be defined by the full- 

open Graphics Window, in which case the edge of the plot frame is not seen. However, plots can be made 

in subsets of the Graphics Window by defining a reduced plot frame. The plot frame is most easily defined 

in a Graphics Window by clicking and dragging the mouse to the desired size. If some figures exist in the 

window, the command key (86) key must be pressed and held while clicking and dragging. The command 
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key is also often known as the Apple () key. Selective definition of the plot frame can be used, for 

example, to define multiple plots side-by-side for comparison purposes. It is also possible to define the plot 

frame within the reduced view in a similar fashion, because the plot frame will be echoed in the full view. 

Although OATS users will not typically make use of the capability, DynaFace makes it possible to define 

an n-by-m multi-page drawing area (see Section 5.4). All pages are shown in the reduced view. Using the 

plot frame also allows plots to be defined across page boundaries. 

Figure 4-4. OATS Graphics Window 

4.4.2 GRAPHICS TOOLS 

The Graphics Tools Window shown in Figure 4-5 is a convenient way to manipulate the various plotted 

layers that are viewed in the Graphics Window. Principle information content consists of a count of the 

number of layers and a numbered listing of layer names. Names are always unique per execution of OATS. 

Every possible plot is assigned one of a discrete set of plot layer names combined with a counter for that 

type layer, allowing multiple plots of the same type that will still have a unique name. This is considered 

essential for users that need to manipulate the layers and know which layers they're working with. Note 

that layers are displayed back to front, with the top layer having the highest layer count number. 

Supplemental information shows memory status readouts. 

Controls in the Graphics Tools Window allow the user to manipulate plotted layers at will. The Back to 

Front and Front to Back buttons move the single top and bottom layers accordingly. The mouse can be 

used to select single layers from the layers list. If used in conjunction with the SHIFT key, the mouse can 

be used to select a consecutive series of layers. The ALL and NONE buttons permit quick selection or 

deselection of all layers.   DELETE will remove all selected layers from the plot, and COMBINE will 
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combine selected layers into a single layer with a new name. Once layers are combined, they cannot be 

separated. The FORWARD and BACK buttons will operate on any single selected layer and move it in the 

layer stack. It is possible to do similar manipulations without use of the Graphics Tools Window by using 

menu commands (see Section 5); however, menu commands are far less convenient because it is difficult to 

keep track of where the various layers lie in the stack. The RENAME button also operates on a single layer, 

and will rename that selected layer according to the user's input to the editable text box next to the button. 

The Graphics Tools Window has only a close box in the title bar, because it is maintained with fixed 

dimensions. 

Graphics Tools ^==== 
Graphics Window Layers 

ÜfflgRÜWgßt?    I Back to Front 

1 Map World Uiew 
2 Map Geographic Outline 
3 Map Coordinate Lines 
4 Hap Coordinate Labels 
5 Map Outline 

O 

o 
IMISffilKmpP   \ Front to Back 

1 Layer:     Layers:       Select^ 
[FOBllTflRPfCOMBINEjC   M-l 
(    BACK     If DELETE   j[    NONE 
[RENAME >j[ 

[ FreeMem: 1911748 | StackSpt«: 121882 

Note: Front Icysr is default selected lojer. 

Figure 4-5. OATS Graphics Tools Window 

4.4.3 TEXT WINDOWS 

OATS utilizes two editor-type windows, called the Volume Text Window and the Normal Text Window. 

These are primarily used for immediate display of tabular data during generation by OATS analytical 

functions. The user can perform many of the standard types of functions common to editors for data 

displayed in these windows (e.g. search for text strings or print selected sections). It is often convenient to 

use these windows as a text editor; however, it is best advised to do so for small items to avoid the task of 

opening an external editor or switching back and forth between OATS and another editor. The principal 

differences between the two windows are that the Normal Text Window will only handle data sets of 

32,000 characters, while the Volume Text Window has an essentially unlimited capacity. Because of the 

capacity issue, when a previously generated OATS text file is used to open the program, the data is 
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defaulted into the Volume Text Window. The Normal Window does have an advantage over the Volume 

Window in that it is possible to alter the individual font characteristics, whereas the Volume Window is 

fixed with an unstyled black Monaco font. Only font size can be changed-controls exist in the Window 

menu (see Section 5.4.3). Volume and Normal Text Windows are shown in Figures 4-6 and 4-7. The 

Volume Window is an ordinary Macintosh window, and has only standard close, grow, and size control 

boxes. The Normal Window also has those controls, but in addition has a pull-down menu for Text Style 

shown in Figure 4-8. 

PI Tabular Display, üolume 
O 

ZEE 
•c- 

Figure 4-6. Volume Text Window 

Figure 4-7. Normal Text Window 

Text Style | 
Superscript 
Subscript 
Font ► 
Size ► 
Style ► 
Color ► 

Figure 4-8. TeKt Style Pull-Down Menu for Normal Text Window 

4.4.4 OTHER WINDOWS 

OATS utilizes a variety of other windows at various points in its execution; however, these are not work 

windows. They are completely under the control of the OATS program and the user has minimal 

interaction with them. 
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SECTION 5 - ENVIRONMENT MENUS 

This section describes the behavior and performance of the OATS menu items that deal with the system's 

operating environment. The relationship of these menu selections to the OATS system menu were briefly 

described in Section 4.1. These selections include those which are largely under the control of the 

DynaFace utility, and which have direct counterparts in most Macintosh-styled software. For OATS, this 

complement of environment menus includes the Apple, File, Edit, and Window main menu selections. 

A characteristic of many of the environment menus to which the user should pay special attention is that 

some menu selections are inactive depending upon whether the Graphics Window or an editor-type 

window (see Section 4.4) is in front. The front window is referred to as the active display. 

5 1 APPLE MENU 

Figure 5-1 shows the sub-menu produced by choosing the Apple () menu. These menu selections deal 

with program overview functions and with parameters that affect the full OATS program. 

About ORTS... 
Clipboard- 
Command Keys    86K 
System Params... 

Figure 5-1. Hpple Menu for OATS 

About OATS 
This command produces an informational display similar to that seen in Figure 5-2. It provides 

information such as program authors and address, but most importantly it provides the version 

number and date for this copy of OATS. This display is exited by clicking anywhere inside the 

display. 

Clipboard 
This command shows the user the current contents of the clipboard, in a display similar to that 

seen in Figure 5-3. The large clip-window (empty in the example shown) may contain anything 

normally supported by Macintosh clipboard functions, including text and graphics. Readouts 

above the clip-window display the largest block of contiguous free heap memory, current stack 

space, and the total free heap memory as aids to program function. This display is most useful as 

a means of verifying information that is being imported into or out of OATS. It is usually exited 

by clicking inside the box for the large clip-window or pushing a keyboard Return. This exit 

technique leaves the clipboard contents undisturbed.  An option Clear button allows the user to 
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exit the display and simultaneously clear the contents of the clipboard. The clipboard display has 

a grow box in the lower right corner to allow the user to view more of the clipboard as required. 

030 Satellite Couerage Program 
10/1/96 Uersion 5.0.4, by Jag Middour and Ulan Hope 

Rstrodynamics Office, Naual Center for Space Technology 
at the Naual Research Laboratory, Washington, DC 

Programming prouided by Steuen F. McLaughlin (fllliedSignal Technical Seruices Corp.) 

©rbit 

ß^ nalysis 

Y ools 
oftware 

©„^iF-a 
ORTS employs DYNHFfiCE 2.33 Macintosh Interface softiuare, 

copyrighted by FaceUJare, 1310 N. Broadway, Urbana, IL 
This softujare is a work of the US Gouernment as defined in 17 USC Section 105. 

I This software is supplied ujith no warranties express or implied including 
any on warranty or merchantability or fitness for a particular purpose 

Figure 5-2. Informational Dialog on OATS 

[Clear] [ Compact: 4999580      fsTackSpace: 125790   || FreeMem: 4999592 " 

0 bytes 

Figure 5-3. Clipboard Dialog in OATS 

Command Keys 
This command produces an informational display similar to that seen in Figure 5-4.  Like most 

Macintosh programs, OATS allows the use of two-stroke command-key sequences to produce the 

same results as some of the high-use menu selections.   This display presents a single-glance 

review of the available command-key sequences for OATS.  The display is itself available with 

the use of a 3§-K command. All command-keys will be noted in later sections of this document. 

15 



Numerical Keys - Plot Items on Map 

Satellite Field-of-View 
Satellite Tracks 
Satellite Position 
Satellite Swath 
Target Positions 
Ground Station Positions 
Ground Station Field-of-View 
Density Contours 
Line Contours 
Sun and Earth-Shadow Features 

Letter Keys - OATS Commands 

E : Ephemeris Files Open 
I : Inspect Ephemeris Files 
B : Attitude Files Open 
T : Inspect Attitude Files 
R : Run Propagator 
M : Map Plot 
W : Wipe Graphics Plot 
L : Locator Mode 
H : Build Snapshot 
U : Zoom Up (Magnify) 
D : Zoom Down (Shrink) 
0 : Original Size (Unzoom) 
K : Key Commands (show this screen) 

Letter Keys - Macintosh (DVNAFACE) Commands 

Q 
S 
X 
V 
Z 

Quit 
Save 
Cut 
Paste 
Undo Resize 

p Print 
A Select All 
C Copy 
F Find 
N Next Case 

Implement Commands from Menus or 
with " §6 - H " Keyboard Commands 

Figure 5-4. Summary of All OATS Command-Keys 

System Parameters 

E Show Summary Data when Generating or 
Combining Graphical Display Files 

M Display Progress for File Generations 

S Employ High-Uolume Tabular Output Window 

Generate Tabular Output Echo On-Screen for : 
D Ephemeris File Generation 
E Tabular Couerage Computations 
D Graphical Couerage File Ualue Generation 
IS Look Angle Computations 
0 Snapshot Computations 
D Graphical Couerage File Difference Ualues 
D Graphical Couerage File Sum Ualues 
D Graphical Couerage File Mean ualues 

Computation Accuracy 
Tolerance (seconds) 

EKtra Memory Allocated 
at Newt OATS Initiation 

0.010000 

50 

(I     OK     J        [ Cancel ) 

Figure 5-5. System Parameters Dialog 

System Params... 
This command provides a dialog as shown in Figure 5-5 that allows the user to set parameters that 

are used in more than one of the OATS analysis tools. The first parameter is an on/off flag 

controlling whether a status display of progress toward completion is presented when 

- 16 



computations are being carried out. This display consists of a bar graph that grows in real time, a 

numerical percentage, and the destination file name for the computation. There is some quantity 

of overhead associated with generating this display. When the user is generating files that are 

small, the wait time is also small and the display can be turned off to bypass the overhead and 

facilitate program execution. The second parameter requires an understanding of Section 8.2, but 

is used only as an on/off flag for a summary display. The third parameter governs whether on- 

screen tabular output appears in OATS' Normal Text Window or Volume Text Window (see 

Section 5.4). Next is a series of on/off flags dictating if on-screen tabular output is generated for 

various OATS processes. Typically some of these flags will be off (e.g. ephemeris file generation 

is usually lengthy and of little interest) and some will be on (e.g. look angle computations are sent 

to a file but it is usually interesting to view them on screen as they are generated). Computation 

accuracy within the OATS system can be set in the next-to-last option, and the final option allows 

the user to alter the stack space allocated by OATS the next time it is launched. Fine-tuning of 

this parameter is sometimes helpful. 

57. FILE MENU 

The File menu as seen in Figure 5-6 provides functions used to manipulate files associated with OATS. 

Most of these options are analogous to their counterparts in other programs run on Macintosh computers. 

Open- 
Close 
Saue 
Saue Hs... 
Delete... 

Page Setup. 
Print- 

Quit sea 

Figure 5-6. File Menu for OATS 

Open. 
The Open command is used to import picture files or text files into OATS, depending upon 

which window is foremost and active. If no window is open, this option is invalid. See also 

Section 7.3 on Standard Maps. Open is most useful for importing a foreign PICT file into the 

OATS Graphics Window to incorporate it as part of an OATS plot; however, an arbitrary text file 

can also be read into and edited using a text window. 
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Close 
The Close command closes the window that is foremost and active, in the sense that the program 

associates a window with a file or is expecting to associate a window with a file. If no window is 

open, this option is invalid. See also Section 5.4 on OATS windows. 

Saue 
This command provides the option of saving the contents of the current front window, either 

graphics or text. If a previous save of the material has not been performed, the action will be the 

same as for the Saue fls command. If the front text window is empty, this option will become 

invalid (grayed out). The OATS program-specific icons shown in Figure 5-7 are used to save text 

and graphics files. Saue can be initiated with the command-key 8§-S. 

LTEXTJ 

Figure 5-7. OATS Icons for Text and Graphics Files 

Saue Rs... 
This commands brings up the standard Macintosh interface dialog used to select the directory and 

file name for a new file. If the graphics window is empty, this option is invalid. See also the 

discussion in Section 7.3 on saving Standard Maps. If multiple layers are plotted in the Graphics 

Window, they will be combined into a single picture before the save process is performed. 

Delete... 
This commands brings up the standard Macintosh interface dialog used to select and delete a file. 

Page Setup... 
The standard Macintosh Page Setup interface dialog is presented, which allows the user to 

chose the paper type, size, orientation, and special effects that will be used when printing. 

Print. 

Quit 

The standard Macintosh Print interface dialog is presented, which allows the user to choose the 

number of copies, page limits, destination, etc. before printing the contents of the active window. 

As usual, the Chooser command under the Apple menu is used to select a printer and Print 

can be initiated with the command-key 36-P. 

This commands ends the OATS program execution. There is a brief delay before termination 

because OATS saves most current program parameter settings for the next execution. During the 

delay, OATS presents a message notifying the user of the closure processes. Only a few 

parameters are defaulted for each program run. Quit can be initiated with the command-key 8€-Q. 
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5.3EDITMENU 

Edit provides most normal Macintosh editing functions, some of which are applicable to graphics 

windows as well as to the editor windows. The Edit menu is shown in Figure 5-8. Although Edit 

provides most of the generic menu-originated editing commands, several edit-related commands exist that 

are specific to each of the OATS windows. These are discussed in Section 5.4. Commands issued from 

this menu for the Graphics Window typically act on the single top layer or on all layers in the Graphics 

Window. 

H| 
Cut 86K 
Copy sec 
Paste 9§U 
Clear 
Select nil 8§R 
Search For.. . 36F 
Next Case 38N 

Figure 5-8. Edit Menu for OATS Windows 

Cut 

Copy 

Paste 

The Cut command (available as the §§-H command-key) deletes an item which has been 

highlighted with the mouse for text data, or the top selected layer of the graphics display. The cut 

item is stored into the clipboard, from where it may be pasted into another application or into 

another area within the OATS window. One technique for removal of successive plotted layers is 

to utilize the Cut command, then clicking on the next layer to select it, and then using Cut once 

again. 

The Copy command creates a copy of the highlighted text item for an editor window or a copy of 

the selected top layer of the Graphics Window, and then places it onto the clipboard. The copied 

data may then be pasted into another application, into another section of the drawing area in 

OATS (if graphics), or into another portion of the editor window (if text). This can also be 

initiated with the 8€-C command-key. 

The Paste command is used to paste a picture or text that has previously been placed in the 

clipboard. The cursor can be used to select the location within text for a Paste . Graphic objects 

are pasted into the upper corner of the current frame area. The frame area will be either the full 

Graphics Window (the default case), or the user-highlighted frame area. Paste can also be done 

using the <H>-U command-key. 
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Clear 
This command deletes selected text or selected graphics layer(s). 

Select Rll 
This menu selection can be used in graphics or text windows to select all plotted items or all 

displayed text prior to processing them with commands such as Copy or Clear. This can be 

selected with the §§-fl command-key. The menu selection appears as Select Rll in Frame if 

the Graphics Window is active. 

Search For... 
This command and the next apply to text windows and are inactive if the graphics window is 

active. Search For brings up the DynaFace dialog seen in Figure 5-9, which allows the user to 

search for and replace character strings. The OATS text windows are capable text editors, but are 

typically used only for text output. Consequently, the Find aspect is of most importance. It can be 

used for example to quickly locate the first occurrence of an output record in a lengthy tabular 

display with a particular time tag. This can be initiated with the 96-F command-key. The 

Replace option is active only after a successful Find. This dialog also provides Help data and has 

several additional search/replace options available if the "-->" checkbox is marked; however, these 

options are seldom of relevance to OATS users. 

Search 

D~> □ S8Entire Word 
S6Ignore Case 

□ ^Selection Only     
|g| aeiDrap Around    [HejpJ 

Figure 5-9. Search Interface Provided by DynaFace 

Next Case 
This command is used after the Search For command has initialized a character field that is 

being sought. It highlights the next occurrence of the string input in the Search For dialog box 

without the need to keep the Search dialog open. 

5.4 WJNDOWMENU 

OATS makes use of four windows, which are described in Section 4.4. The Window menu provides the 

controls which allow the user to manipulate and define these windows as needed for his applications. The 
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available options include such choices as hide or display of windows, text window font characteristics, and 

dimensions of graphics displays. The base Window menu is shown in Figure 5-10. It is divided into 

three sections, grouped by function as discussed below. 

Hide 
Send Behind 
Send to Back 
Hide Others 
Show Rll 

Graphics Options ► 
Normal Tent Options     ► 
UolumeText Options     ► 

Graphics Tools 
Graphics Window 
Tabular Display, Normal 
Tabular Display, Uolume 

Figure 5-10. Window Menu 

5.4.1 WINDOW STACKING COMMANDS 

The first group of very simple commands are relevant to the locations of windows as they are stacked back- 

to-front on the display screen.  The first four menu commands all relate to the front most and currently 

active OATS window. 

Hide 

This hides the front window from view-the contents are not altered. 

Send Behind 

The front window is moved behind the window second closest to the front of the display stack. 

Send to Back 

This command moves the front window to the rear of the display stack. 

Hide Others 

All windows except the front window are hidden from view. 

Show Rll 

This command makes all permanent OATS work windows visible. 

5.4.2 WINDOW VISIBILITY COMMANDS 

This is the bottom set of menu commands in Figure 5-10. It is a set of commands that also doubles as a 

display of the visibility status of each of the OATS windows. There is some overlap in function with the 

commands discussed in Section 5.4.1. Note that each of the OATS windows is listed in the menu in Figure 
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5-10. Clicking on a window's name in the menu makes that window become visible and places it in the 

front and active position. If the window is already visible, it is moved to the front and becomes the active 

window. A marker is placed in front of each window's name to indicate its status. The "-" minus sign 

indicates that a window is hidden. A null " " indicates that the window is visible. The check mark "•" 

shows that the indicated window is the active window. Whenever the Graphics Window is empty, the 

generic name "Graphics Window" appears in the menu display. If plotting has been done, the menu shows 

the title of the plot layer that is on top. 

5.4.3 WINDOW CONFIGURATION COMMANDS 

These are the middle set of commands in Figure 5-10. They provide a wealth of additional commands in 

sub-menus that can be used to configure the three OATS windows and to manipulate selected aspects of the 

data in those windows where it is necessary. 

5.4.3.1 Graphics Options 

Figure 5-11 shows the menu options that can be expected from the selection of the Graphics Options. 

Most of these commands will be inactive if the Graphics Window is unopened or inactive. 

Graph Setup... 
Set Frame Size... 
Recording Type... 
Uiew Dimensions 
Reduced Uiew 
Go to Page ► 
Layer Options     ► 
Undo Resize      §gz 
Copy Pixels 
Print Selection 

Figure 5-11. Graphics Options Sub-Menu 

Graph Setup... 
This command brings up the dialog shown in Figure 5-12, and allows the user to define the 

Graphics Window. This setup dialog is one of the first ones that a user should become familiar 

with when starting to work with OATS. It should be used to set the Graphics Window to a size 

appropriate to his needs, to his monitor, and to the power of his computer. The user will find that 

a large screen is easier to work with and provides a better view, but it also implies more pixels to 

process and plot and a consequently slower response time. 
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The DynaFace environment provides the capability to make plots onto a grid of n-by-m pages, as 

reflected by the Page Number & Size fields in this dialog. Each page will be of uniform width and 

height, as set by the user. The Page Setup controls can be used to quickly set the page sizes to the 

maximums allowed for a printed page; however, it should be noted that a non-square plot frame 

will produce scale distortions. The typical user will find that a 1-by-l page size works best for 

most OATS processes. Larger page groupings are seldom necessary. Multi-page displays can 

also confuse new users regarding where a plot is being generated; however, the Across and Down 

settings can be set to plot multiple displays side-by-side and in the same saved picture. The 

Reduced View window shows the full-available plot area, and is used to keep track of where the 

visible Graphics Window is currently viewing. Controls exist to turn this option on or off and to 

change the view ratio between the reduced and full views. Once the Figure 5-12 Setup Dialog has 

been exited, the drawing area can be opened to its full size by clicking and dragging the size box 

located at the bottom right of the Graphics Window. 

Graph Setup 

r- Page Number & Size (pinels)  

Across 

Down 

2 width 

height 

4 

2 4 

to set size □ Always i use [Page Setup 

- Reduced Uiew  
S Support reduced uiew of graph area 
□ Picture frames only (faster updates) 
El Use constant Uiew Ratio = 1:5     QQ 

rgn 
Cancel 

Rppiy 

Saue 

Help 

r Other Options  
S Show cursor position & frame size 
H Enable picture dragging & resizing 
Option-Tab: V2® V5Q V4O VfeQpage 

Figure 5-12. Graphics Window Set-Up Dialog 

The Other Options checkboxes at the bottom of the dialog provide control over miscellaneous 

options possible with the Graphics Window. If the first checkbox is activated, the cursor position 

and frame size are temporarily displayed in the window title bar whenever the mouse is pressed. 

The ability to drag and resize pictures can be enabled/disabled. The last option specifies the size 

of a tab jump. The TAB key and Shift-TAB keys move the visible Graphics Window from page 

to page in a forward and backward direction. The Option-TAB and Option-Shift-TAB moves 

the plot frame by partial page increments, as indicated in Figure 5-12. 
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Set Frame Size... 
The dialog shown in Figure 5-13 is displayed after this menu selection. This dialog presents an 

alternative to selecting the drawing frame area by using the click-and-drag method (See Section 

4.4.1), which requires the user to "eyeball" the appropriate size for the frame settings. Set 

Frame Size allows the user to select the exact pixel settings for the Top, Left, Bottom, and 

Right sides of the frame. These settings will work in a multi-page environment. The View button 

will provide an update of the Length and Width according to your current settings. Upon an OK 

exit from this dialog, the plot frame will be present as per your settings. 

Select Frame Size (pixels) 

Top 5 

Left 5 

Bottom 5 

Right 5 

Computed Sizes 

Length 400 

Height 400 

no Uieui Cancel 

Figure 5-13. Dialog for Specification of Frame Size 

Method of Plot Recording 

O QuickDraw picture 
O Forced Black&UJhite Bitmap 
® Color Bitmap 

OK Cancel 

Figure 5-14. Dialog for Selection of Data Recording Method 

Recording Type... 
The dialog shown in Figure 5-14 is displayed and allows the user to select the manner in which 

plotted data is composed and recorded. An OATS Bitmap is composed of a grid of pixels with 

assigned values of black/white or of color. An OATS Picture is composed by a collection of 

QuickDraw (Reference 6) routines that produce basic geometrical shapes like lines, ovals, and 

rectangles. Although Color Bitmap recording is by far the method most often selected by OATS 

users, the specific choice depends on the intended use of the plots and the Graphics Window. 
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Picture drawings can be edited by MacDraw-like graphics editors, can be decomposed into 

component parts, and can be used to transfer QuickDraw pictures into and out of OATS. 

However, Bitmap plots are faster, require less memory for almost all normal OATS applications, 

and are employed for essentially all new OATS drawings. OATS plots can be composed of 

combinations of drawing layers done with a mixture of Picture and Bitmap settings; however, 

there is seldom any motivation to do so. 

UieiD Dimensions 

This command brings up the informational dialog shown in Figure 5-15. Regardless of which 

window is currently active, it provides a summary of the settings in place for three sets of 

measurements for the Graphics Window. Plot information shows the dimensions of the active plot 

frame, Total information shows dimensions for the maximal plotting area, and Visible information 

shows dimensions of the visible on-screen Graphics Window. Horizontal and vertical sizes in 

pixels and in inches are shown. The screen resolution in pixels/inch is also provided, even though 

this is constant at 72 pixels/inch for most Macintosh computers. The center of the dialog shows a 

small pseudo-window with the Top, Left, Bottom, and Right values of the frame boundaries. 

Reduced Uiem / Full Uiew 
The menu selection toggles back and forth between these two menu options. Reduced View or 

Full View is shown as the desired option to implement. It is the opposite of that which is currently 

showing. 

Plot Measurements Total Measurements Visible Measurements 

inches       oiwels 

Horizontal:       8.67 624 

Uertical: 5.83 420 

inches       pixels 

8.67 624 

5.83 420 

inches       Dinels 

8.67 624 

5.83 420 

Plot Boundaries Total Boundaries Uisible Boundaries 

Top 

Left 0 

0 624 

420 Right 

Top 

Left 0 

0 624 

420 Right 

Top 

Left 0 

0     624 

420 Right 

Bottom Bottom Bottom 

Screen Resolution 

Horizontal:        72     pinels/inch 

Uertical: 72     pinels/inch 

Figure 5-15. Graphics Window Summary Display 
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Go to Page 
If the Graphics Window has been established with a multi-page environment, this menu selection 

provides a list of pages (1, 2, 3, ... N) which can be chosen. The Graphics Window is then 

automatically set to that page for graphing functions. If the plot environment is a single page, then 

this option is inactive. 

Layer Options 
This command presents a list of sub-sub-menus as shown in Figure 5-16. It provides a series of 

actions that can be applied to layers drawn in the Graphics Window. 

Layer Options 
Bring To Front 
Send To Back 
Combine 

Figure 5-16. Layer Options Sub-Menu 

Bring to Front 
The Bring to Front command is used to bring the selected layer of graphics to the 

top layer. This command only becomes activated (non-grayed) in the menu if more than 

one layer exists and a layer other than the top layer has been selected. 

Send to Back 
This command allows the user to send the top layer of the graphics window to the bottom 

layer. A new top layer can be activated by clicking on it in the Graphics Window. This 

command is also active only if more than one layer exists. 

Combine 
The Combine function is active only after the user has drawn at least 2 layers in the 

Graphics Window and has executed the Select All command or selected layers in the 

Graphics Tools window. It is used to group several layers of pictures into a single 

picture, often prior to a Saue command. 

Undo Besize 
This command is used to restore a graphic to its original size after manually resizing the picture 

(see Section 5.5). This is also initiated with the 3€-Z command-key. 

Copy Pixels 
This command copies into the clipboard the selected portion of the total plot area highlighted 

within the plot frame. It provides the option of manipulating less than the sum total of the visible 

picture for pasting into another application or for moving it to another portion of the total plot 

area. 
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Print Selection 
In a multi-page environment and after a portion of the total print area has been selected to be 

printed (e.g. one of the pages), this command can be used to select where the selected portion of 

the plot will be printed on the output page. 

5.4.3.2 Normal Text Options 

Figure 5-17 shows the menu options that can be expected from the selection of the Normal Text Options. 

Most of these commands will be inactive if the Normal Text tabular window is unopened or inactive. 

Editor Setup... 
Saue Selection. 
Copy Style 
Paste Style 

Figure 5-17. Normal TeKt Options Sub-Menu 

Editor Setup... 
This command brings up the dialog shown in Figure 5-18, and allows the user to define selected 

characteristics of the editor window. OATS uses editor windows primarily for text viewing rather 

than as formal editors, so this dialog is of modest importance; however, it does allow the user to 

specify the following window characteristics: 

• Options on how the editor interprets the ENTER and RETURN keys. 

• Options for the print set-up, including line height, margin indentations, and a format for 

page headers. Line height is also important for on-screen viewing, especially if a large- 

size font is used. 

• Miscellaneous options such as activation of display of cursor position and selection size, 

page break and invisible character display, and indentations. 

• The Help button sets no characteristics, but does produce a dialog with additional 

information on what these options mean. 

The Editor Setup is probably most important in cases where the user wishes to make manual 

annotations to output listings which already exist in the Tabular Window prior to saving them to 

an output file. 

Saue Selection... 
This command allows the user to save only a selected subset of the information displayed in the 

Normal Text Window. It brings up the standard Macintosh file interface, which allows the user to 

pick a directory and file name for the new file. 
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i- Keys: —  
Use ENTER key as: 
OTflB 
O «-ENTER 
® Scroll to Insertion 

ORSCII: 

D 
Use RETURN key 
as 88-RETURN 

r Print Setup:—D Print Rlack-, 

Line Height 12 

Top Indent: 0 

Bottom Indent: 10 

Left Indent: [Ö~ 

pt.s 

lines 

lines 

sp.s 

□ Pg- Break at ASCII 

^ Header: 
Lines /Pg: 58 

Paged) of (2) printed 
on(3)/(4)/(5)at(6). 

Other Options:  
^ fluto-lndent after carriage returns 
0 Rlways select te«t when opening files 
□ Skip the Replace/lnsert/Rppend dialog 
^ Show cursor position 6- selection size 
□ Show Page Breaks   H Show Inuisibles 

Cancel ] 

Saue   J 

Help   ) 

Figure 5-18. Editor Set-Up Dialog for Normal Text Tabular Window 

Copy Style 
Because the normal text editor is a full function editor, each subset of the text displayed can be 

assigned characteristics of font, size, style, and color. This Copy Style command can be used 

to copy the text settings from a highlighted text string. The text itself is not copied. 

Paste Style 
Designed to work in tandem with the Copy Style command, this menu selection allows the user 

to copy a text style onto a highlighted text string. 

5.4.3.3 Volume Text Options 

Figure 5-19 shows the menu options that can be expected from the selection of the Volume Text Options. 

Most of these commands will be inactive if the Volume Text tabular window is unopened or inactive. 

Editor Setup... 
Tabs-to-Spaces 
Copy Hs Table 
Saue Selection... 
Print Selection... 
6 Point 
9 Point 
12 Point 

Figure 5-19. Uolume Te«t Options Sub-Menu 
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Editor Setup... 
This command brings up the dialog shown in Figure 5-20. Although very similar to the dialog for 

the Normal Tabular Window, there are some subtle differences-mostly in formatting.  The user 

does have the option of having the window show a small tick mark at the top to mark column 

location. 

Tabs-to-Spaces 
The TabS-tO-SpaceS command replaces all of the Tabs in the active text window with 

spaces. The original spacing is kept the same, except that there are no longer Tabs in the text. 

□ Tab 
Size 

Huto 
1 Indent 

rUse ENTER key as:  

OTHB 
OSpace-basedTHB 
O «-ENTER 
® Scroll to Insertion 

ORSCII: 

r Print Setup 

pt.s 

lines 

lines 

char.s 

Line Height: 

Top Indent: 

Bottom Indent: 

Left Indent: 

12 

0 

0 

0 

□ Pg- Break at RSCII: 

El Header: 
Lines/Pg: 60 

Paged) of (2) printed 
on (3)/(4V(5) at (6). 

r Other Options:  

□ Use RETURN key as »-RETURN 
El Rlujays select text when opening files 
□ Skip the Replace/lnsert/Rppend dialog 
13 Shouj cursor position & selection size 
□ Mark location of column: |&     | 

OD 
[ Cancel 

[   Saue 

[   Help 

Figure 5-20. Editor Set-Up Dialog for Volume Text Tabular Window 

Copy Rs Table 
This command allows the user to select a portion of a text window and copy it to the clipboard. 

Each entry that is separated by one or more spaces is separated by a TAB. This formatting allows 

the data to be pasted directly into spreadsheet application software or onto another part of the text 

window in column format. 

Print Selection... 
This command allows the user to print only a selected subset of the information displayed in the 

Normal Text Window. 

Saue Selection... 
This command allows the user to save only a selected subset of the information displayed in the 

Normal Text Window. It brings up the standard Macintosh file interface, which allows the user to 

pick a directory and file name for the new file. 
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6 point // 9 point // 12 point 
The text in the Volume Text Window can be viewed as a 6, 9, or 12 point font; however, these 

choices apply to the entire window. These font size choices can be selected by highlighting the 

desired value with the mouse. The current value is shown with a check in front of it in the menu. 

The setting is maintained between executions of OATS only if a Save of settings is done in the 

Set-Up dialog. 

s s MON-MFNTT PROCEDURES AND COMMANDS 

Several environment-controlling procedures and commands are available that are not specifically called out 

in the menus. 

• Reduced/Full Switching - Although the menus allow the user to switch back and forth between the 

Full and Reduced views in the Graphics Window, the RETURN and ENTER keys can also be used 

to switch back and forth with ease if the Graphics Window is active. 

Deselecting Plots - A simple click in the Graphics Window outside the plot frame will deselect all 

plotted items and set the plot frame equal to the entire window. 

Square Plot Frames - When manually defining a plot frame area, it is possible to force the area to be 

square by having the CAPS LOCK key pressed. 

■ Resizing Plots - To manually resize a plot or one drawing on a plot, move the cursor to the edge of the 

drawing and the cursor will turn into an arrow. Click-drag the edge of the drawing to the desired size 

This may be accomplished by extending one edge at a time, or by click-dragging on a corner of the 

drawing area to expand height and width simultaneously. Alternatively, a drawing can be resized by 

placing the mouse at the extreme point where the plot frame is to be expanded to, holding the SHIFT 

key, and clicking the mouse. 

• 

• 

• 
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SECTION 6 - PROPAGATE MENU 

The OATS program combines orbit propagation models with numerical and graphical coverage analysis 

algorithms. The design philosophy of OATS has been to separate the orbit models from the analysis 

processes. The primary reason for selecting this architecture is so that an arbitrary number of different 

orbit propagation models can be added to the program without affecting any of the analysis code; however, 

this architecture also makes it possible to perform analysis on an imported ephemeris generated by an 

external program that might use a propagator not available through OATS. Thus, as previously noted, the 

user must always have satellite ephemerides available before proceeding with any of the OATS coverage 

analysis functions. Although it is expected that a typical user will employ the OATS Propagate menu 

to generate ephemerides prior to performing analysis, imported ephemeris files can be used if they follow a 

prescribed format (see Section 10.2). The only difference apparent to the user between internally generated 

ephemeris files and imported ones is that processing will be slightly faster for the internally generated files. 

Select Model 
Edit Elements.. 
Edit Internal... 

A Run Propagator 9SR 

Conuert Coords. 

Figure 6-1. Propagate Menu 

The Propagate menu is shown in Figure 6-1. It is an OATS analysis tool used to generate ephemeris 

files using one of a variety of orbit propagation models. The Select Model, Edit Elements, and 

Edit Interual menu selections are employed to set-up a computer run that will generate an ephemeris 

file. Their functions include access and display of orbital element sets. Once set-up is completed, Run 

Propagator is used to create the ephemeris file that can be used for graphical or numerical coverage 

analysis. This menu tree also provides a secondary capability via the Conuert Coords option to 

transform from one type of orbital element set to another. 

6 1 ORRTT PROPAGATION MODELS 

Satellite ephemerides can be computed by any one of four orbit propagators provided with OATS version 

5. The abbreviations for each of these models is the same as those used in the OATS menu system. The 

format for the orbital elements for each propagator is provided in Section 10.1. 
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• PPT2 - This propagator uses a full Brouwer-Lyddane analytic model for propagation and requires the 

input of a One Line Element Set (OLES). Three different OLES formats are available, including: 

PME 

Charlie 

Z    (also designated Zulu) 

• RUK12 - This is a fourth order Runge-Kutta numerical integration with a WGS84 geopotential of 

order and degree 12. The input for this model is an osculating Cartesian state vector and an epoch for 

the state vector. This model requires a small integration step size to obtain accurate results (typical 

values range from 1 to 10 seconds). This step size is rather small for plotting and coverage analysis 

and tends to yield very large ephemeris files to store the data. Because of this, the user specifies the 

integration step size for the propagation as well as an output interval for the ephemeris data. 

• J2 - The J2 propagator uses a first order analytic theory with earth oblateness effects. The input 

elements are mean Keplerian orbital elements and an epoch for these elements. 

• SGP4 - This is used to propagate Two Line Element Sets (TLES) generated by USSPACECOM 

(formerly NORAD). The model is used for near-Earth satellites, defined by USSPACECOM as 

having periods under 225 minutes. The SGP4 model (Reference 7) was developed by Ken Cranford 

in 1970. It is a simplification of the extensive Lane and Cranford analytical theory, which uses 

Brouwer's solution for its gravitational model and a power series density function for its atmospheric 

model. 

f> 9 PROPAGATION COORHTNATP. SYSTEMS 

Two coordinate systems are referred to through the remainder of this section. They are Earth Centered 

Inertial (ECI), and Earth Centered Fixed (ECF). The fundamental plane of the ECI system is the mean 

Celestial Equator. The *-axis lies in the direction of the Vernal Equinox and the z-axis points toward the 

North Celestial Pole. The ECF system is a non-inertial, rotating system which is fixed to the earth. The 

fundamental plane of the ECF system coincides with that of the ECI system. The x-axis is rotated about the 

Celestial Pole through the Greenwich hour angle. The effects of precession and nutation of the Earth pole 

are ignored. All of the analysis and plotting functions in OATS to which satellite ephemerides are input 

require the coordinate frame to be ECF. The output coordinate system for all of the OATS propagation 

options is ECF. 

Select Model 

PPT2 II PME 
PPT2 II Zulu 
PPT2 II Charlie 

J2 
RK12 
SGP4 

Figure 6-2. Select Model Menu 
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fi * HOW TO TTF.NF.RATE AN F.PHF.MF.RIS FILE 

6.3.1 PROPAGATOR MODEL SELECTION 

To set up an ephemeris generation run, choose the Select Model option from the menu shown in Figure 

6-1. This will produce the sub-menu shown in Figure 6-2, which allows the user to select one of the six 

possible combinations of orbit propagator plus orbit element format described in Section 6.1. Choice of 

one of the six options will bring up individual dialogs that allow the user to enter specific orbital element 

data. 

6.3.2 ORBITAL ELEMENT DATA ENTRY 

Orbital elements are entered via one of the dialogs shown in Figure 6-3 through Figure 6-8. These dialogs 

are used all places throughout OATS where it is necessary to view the orbital elements. In their native 

format, some of the orbital element formats are condensed (see Section 10.1) and it is awkward to visually 

interpret the component parts. Through this set of dialogs, OATS provides the service of a user friendly 

display of the orbital elements for each of the propagation models. Note that OATS maintains a single 

storage location for each of the four types of orbit element propagators. Hence, if at first a set of J2 

elements is being manipulated and the user changes to RUK12 for a while and then returns to J2, the J2 

data will be maintained. These six dialogs are very similar in many respects, and are discussed as a group. 

Explanation of the orbital element components is provided in Appendix C. 

The various input fields for all six dialogs are all individually labeled, and should be generally self-evident 

if the user understands the discussion presented in Appendix C. All input fields are labeled with 

appropriate units, if any, and the user is advised to strictly adhere to them. In addition to their input fields, 

the J2 and RUK12 input dialogs also have a set of radio buttons to choose whether the reference frame is 

ECI or ECF. The J2 dialog has an additional set of radio buttons to choose if mean or true anomaly is 

employed in the orbital elements. Note that the orbit epoch Year is entered as a 4-digit integer for the J2 

and RUK12 cases, as a 2-digit year spanning the range from 1951 through 2050 for the SGP4, PPT2- 

Charlie, and PPT2-Z cases, and a 1-digit year for the PPT2-PME case. This very narrow range for the 

PPT2-PME case has necessitated the addition of a special button in the dialog shown in Figure 6-3. The YR 

Help button will bring up the dialog shown in Figure 6-9 that allows the user to unambiguously select any 

4-digit year as the start year for the 10-year span of validity. The RUK12 orbit propagator carries a place to 

input the Integration Time Step, which is the interval used by the orbit propagator to perform computations. 

This interval should not be confused with the ephemeris interval (see Section 6.3.3) which is the time step 
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INPUT PME format One-Line Element Set 

Satellite ID 

Uersion # 

Reuolution # 

Mean Rnomaly (deg) 

Mean Motion (radian/herg) 

Decay (rad/herg/herg) 

Eccentricity 

Hrg. of Perigee (deg) 

12 

12 

5 

12 

9 

7 K 10"5 

9 

12 

Rrg. of Rsc. Node (deg) 

Inclination (deg)   

Last Digit of Vear [7]    [Vear HELP] 

Month (MM) |  2  | 

Day (DD) |  2  | 

Hour(HH) |  2  | 

Tens of Minutes   | 1 | 

ft     OK     1)      [  Cancel   ]      [   File...    )        [    Saue    ]      [Saue Rs...]     (Direct Rdd] 

Figure 6-3. Dialog of Orbital Elements for PME Format One Line Element Set 

INPUT    | Charlie format One-Line Element Set 

Satellite # 

Mean Rnomaly (deg) 

Mean Motion (radian/herg) 

Decay (rad/herg/herg) 

Eccentricity 

Rrg. of Perigee (deg) 

5 

12 

9 

7 x 10"5 

9 

12 

Rrg. of Rsc. Node (deg) 

Inclination (deg) 

Vear(VVVV) 

Month (MM) 

Day (DD) 

12 

12 

hrs., mins., and 
sees. = 0(epoch 
at 0 hours Zulu) 

f—gR ft      [   Cancel   J      [    File...    J        (    Saue    J       [Saue Rs...J     [Direct Rddj 

Figure 6-4. Dialog of Orbital Elements for Charlie-Format One Line Element Set 

INPUT Z (Zulu) format One-Line Element Set 

Satellite # 

Reuolution # 

Mean Rnomaly (deg) 

Mean Motion (radian/herg) 

Decay (rad/herg/herg) 

Eccentricity 

5 

5 

12 

9 

7 K 10~5 

9 

Rrg. of Perigee (deg) 

Rrg. of Rsc. Node (deg) 

Inclination (deg) 

Vear(VVVV)     |  2  | 

Month (MM)     |  2  | 

Day (DD) |  2  | 

12 

12 

12 

[  Cancel   j      f    File...    ]        f    Saue    J      (Saue Rs...j     (Direct Rdd) 

Figure 6-5. Dialog of Orbital Elements for Z-Format One Line Element Set 
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INPUT J2 Propagator Orbital Element Set 

Reference Frame finomalu Ttjpe 
OECI OMean 
®ECF ®True 

Orbital Elements 

Semi-major a«is (km) 

Eccentricity 

Inclination (deg) 

Rrg. Ascending Node (deg) 

Perigee (deg) 

Rnomaly (deg) 

22 

14 

14 

14 

14 

14 

Epoch 

Vear(VVVV) 

Month (MM) 

Day (DD) 

Hour(HH) 

Minute (MM) 

Sees, (ss.ss) 

4 

2 

~2~ 

2 

~2~ 

5 

(^jOK_j|     [  Cancel   )    [    File—    ]    [    Saue     )    [Saue Rs...] 

Figure 6-6. Dialog of Orbital Elements for J2 Propagator 

INPUT RUK 12 Propagator Orbital Element 

Reference Frame 

20 

20 

State Uector: 

H (km) 

V (km) 

Z(km) 

H dot (km/sec) 

V dot (km/sec) 

Z dot (km/sec) 

OECI 
®ECF 

Epoch : 

Vear(VVVV)   \~ 

20 

14 

14 

14 

Month (MM) | 2 | 

Day (DD) |   2   | 

Hour(HH) | 2 | 

Minute (MM) | 2 | 

Sees, (ss.ss)    5 

Integration Time Step (sees) 

Decay Rate (km/day) 

10 

10 

j     OK     |   [   Cancel   )  [    File...    ) [    Saue    )   [saue Rs...) 

Figure 6-7. Dialog of Orbital Elements for Runge-Kutta Propagator 

used to output ephemeris computations. The Integration Time Step should be smaller than or equal to the 

ephemeris interval. The RUK12 orbit propagator also has a place to input theDecay Rate, where the decay 

rate in km/day specifies a uniform decrease in the mean orbital altitude. 

Each of the orbit element dialogs in Figures 6-3 through 6-8 also provides five identical main option 

buttons. The File button brings up a standard Macintosh interface dialog which allows the user to locate an 
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existing input file of orbital elements in any directory. Cancel oxOK from this standard interface dialog 

will both return the user to the orbital elements dialog. OATS performs only basic file I/O checks at this 

point, returning an alert if the file cannot be opened or if a read error occurs. OK from the standard 

interface dialog will immediately read the file of orbital elements and display the retrieved values, even if 

they are not valid. 

INPUT SBP4 Propagator Orbital Element Set 

inFNTIFICflTION : 

Satellite # 
Vear Launched 

(VV) 
Launch 
Number 

International 
Designator 

Revolution 
Number 

m i 

Check 
Sum 

m 
EPOCH 
Year(YY)  Day of Year (ddd.dddddddd) 

m 12 

ORRG TERMS : 

First Deriuatiue 

Second Deriuatiue 

SGP4Drag 

10 

e«p 

exp 

m 
m 

ORBIT ORIENTATION: 

Inclination (deg) 

flrg. of Ascend. Node 

Eccentricity 

Rrg. of Perigee (deg) 

Mean Anomaly (deg) 

Mean Motion 
(reu/day) 

11 

[\      OK      H      [   Cancel   J      f    File...    J        (    Saue     J       fsaue Rs...J     foirect Rdd] 

Figure 6-8. Dialog of Orbital Elements for SGP4 Two Line Element Set 

A One-Line Element Set with a PME format has 
only one digit to specify the year. This implies 
a year ambiguity outside of a ten-year range. 

This dialog allows the user to set the start year 
for the ten year span (including the start year) 
ouer which PME formats are ualid. 

Start Year 

H     OK     1|       [ Cancel J 

Figure 6-9. Dialog for Specification of Year Interval for PME-Format One Line Element Set 

The Save As button in the orbit element dialogs brings up a standard Macintosh interface dialog which 

allows the user to specify the name for an existing output file of orbital elements in any directory. Save 

will overwrite a previously saved file of orbital elements, but will ask permission first (see Section 6.5). If 

a previous save has not occurred, Save behaves like the Save As option. 
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The Cancel button in Figures 6-3 through 6-8 returns the user to the main menu with no changes made to 

the orbital elements seen when the dialog was opened. OK will perform checks on the data as entered 

before exiting the dialog and issue an alert if a problem is detected; however, the checks are limited. The 

user is cautioned that he is ultimately responsible for the validity of entered data. 

Format Type =  CHARLIE    Characters =  65 

Template :      Mill.flfiflflflflfl.rlrinrinnri.DDDOO.EEEEEEE.UUUUUUU.NNNNNNN. I I I I I I IVVMMDO 

Source : 
| Edit ▼! 

[ Cancel 

"OK" 

Figure 6-10. Dialog for Direct Entry of One Line Element Set 

The OLES and TLES orbital element sets exist in a condensed form in their native format (see Section 

10.1). The dialogs for these orbital element sets, Figures 6-3 to 6-5 and Figure 6-8, have an additional 

button called Direct Add. Although it is faster to enter orbital elements via a file prepared prior to running 

OATS or by entering them directly into the separate fields in the dialogs, this is not always the most 

convenient option. The Direct Add feature is available for those cases where the user wishes to enter an 

OLES or TLES directly and verbatim into OATS. Punching this button on an OLES dialog will bring up a 

dialog like that seen in Figure 6-10. The format type, number of characters, and data template supply 

information about the OLES, and are adjusted according to the type of OLES expected. The user has three 

options, the simplest of which is to type in the required data below the Template. The second alternative is 

to use the pull down menu under Edit to open simple text files into the mini-editor window shown in 

Figure 6-10. The window is small because an OLES is small and because there is no capability to do word- 

processing in this portion of the program. Sufficient capability is provided only to locate and copy an 

OLES, and then to paste it from the external source into the area provided for an OLES direct add. The 

Edit menu options are shown in Figure 6-11. The last alternative is to use the clipboard to copy and paste 

an OLES into the template area. This is not as convenient as using the mini-editor because it entails 

temporarily exiting OATS; however, it is necessary for some non-simple text sources. When the OK is 

pressed in the Figure 6-10 dialog, OATS will read the entered line, return to the dialog, and display the data 

appropriately in the separate dialog fields. If an entry error is detected, OATS will issue an alert and return 

to the orbital element dialog. For a TLES the dialog shown in Figure 6-12 appears when Direct Add is 

pushed. A similar data entry procedure is followed, except that two lines of user input will be required and 

two copy/paste operations may be involved. 
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BfHl 
Open... 
Find... 36F 
Cut 3§K 
Copy sec 
Paste 8€U 
Clear 
Select fill 38H 

Figure 6-11. Direct Add Pull-Down Menu 

Direct Entry of TLES Orbital Element Set, 69 Characters in Each of two lines. 

Template 1 :  1   nnnnnU WnnnRRR VVDDD.DDDDDDDD O.dddddddd    ddddd-j     ggggg-j  T    SSSS 

Template 2: 2 nnnnn  II I.I III  HHH.HHHH EEEEEEE UUU. UÜUU RRR.RRRR rlM. rlrlrlrlrinnnnRRRR-^ 

Source : 
I Edit ▼! 

¥1   [ Cancel ) 

»   L_°J<-J 

Figure 6-12. Dialog for Direct Entry of Two Line Element Set 

Because the orbital elements dialogs shown in Figures 6-3 through 6-8 are used in multiple places, a flag 

field appears in the upper left corner of each dialog. This flag field has the values: 

• INPUT       - orbital elements are being used as program input 

• OUTPUT    - orbital elements have been produced as computed values 

• VIEW - orbital elements are presented for inspection only and cannot be altered 

For generating an orbit ephemeris, the flag field should read INPUT. 

6.3.3 INTERVAL SELECTION 

When the user passes through the Select Model menu option and subsequently exits any of the orbit 

element entry dialogs with an OK, the Set Ephemeris Interval dialog shown in Figure 6-13 is automatically 

displayed. The primary function of this dialog is to set the interval of the generated ephemeris file. The 

Specify by radio buttons permit choosing the interval via inputs of Start Time and Stop Time or by Start 

Time and a user selected Number of Revolutions. As shown above, all orbit elements have an epoch date, at 

which time the elements are valid. This date is entered in the preceding elements dialog, and is displayed 

as the default Start Time in Figure 6-13; however, it can be manually changed. The Step Size in seconds is 

the interval between computed ephemeris records. 
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If the interval is specified by the number of revolutions rather than being manually entered, the user may 

verify that the interval is acceptable by punching the SHOW Conversion button. The Stop Time will be 

computed using Kepler's equation and displayed. It is not required to make this check-fhe user may exit 

with an OK and the Stop Time will be internally computed. Note that if a new Number of Revolutions is 

selected after computing a Stop Time, the computed time is not used. Negative values of revolutions are 

unacceptable, as is a manually entered Stop Time that implies an orbit propagated backwards in time. 

Exiting the dialog in Figure 6-13 with either the OK or the Cancel will return the user to the main menu. 

Set Ephemeris Internal 

Specify by 
O Start and Stop Times 
® Start Time and Number of Revolutions 

Start Time      Stop Time 

Vear(VVVY) 

Month (MM) 

Day (DD): 

Hour(HH) : 

Minutes (MM) :   |  2  | 

m 
m 

Number of Revolutions 

8 

Step Size (seconds) 

10 

Seconds (ss.ss): 5 

OK Cancel 
Show 

. Conversion J 

Figure 6-13. Dialog Used to Set Ephemeris Interval 

6.3.4 SET UP CORRECTIONS 

Before initiating the ephemeris file generation, the user may modify the orbital elements and/or the 

ephemeris interval by using the Edit Internal and Edit Elements menu options from Figure 6-1. 

Editing the orbital elements by way of the Edit Elements menu will not automatically bring up the 

interval dialog. If the user wishes to change the model for the orbit propagator, it is necessary to start over 

with Select Model. Similarly, these two menu options are not valid choices if a propagator model has 

not been selected. An alert will be issued. 

6.3.5 GENERATING THE EPHEMERIS FILE 

After all data have been entered, the ephemeris file generation is initiated with the Run Propagator 

command from the Propagate menu in Figure 6-1. Alternatively, the 98-R command key may be used. 

After initiation, the user will be presented with the Macintosh standard file interface so that a name and 
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location for the ephemeris file can be selected. Exiting this dialog with an OK will create an ephemeris file 

in the ECF coordinate system. If the user has elected to have a progress display (see System Pa rams 

under Section 5.1), a graphic will be presented as discussed in Section 6.5. If dictated by a flag set in 

System Pa rams, a tabular window will be opened and a simultaneous printout of the ephemeris data 

will be displayed as it is generated. After a new ephemeris file is generated by OATS using the procedures 

described here, the file is automatically added to the list of active ephemeris files. The significance of this 

is explained in Section 9.1. 

6 4 r.OORDINATF. CONVERSIONS 

A limited set of orbit element coordinate conversions is made available through OATS. The possible 

conversions can be seen graphically in Figure 6-14, the dialog that is presented to the user after selecting 

the Conuert Coords option from the Propagate menu. The user should note that no orbit element 

coordinate conversion is going to be exact. For proper and precise propagation of an orbit, the orbit 

element set must be matched to the propagator model for which the elements were computed. However, 

these coordinate conversions do serve several useful purposes: 

• They will provide a more intuitive look at an orbit specified by an OLES or TLES by presenting it in a 

Cartesian or Keplerian format. 

' They make comparison of two differently specified orbits possible by providing a common format for 

orbit element display, even if the computed values are only very close approximations. 

They provide a basis for transforming an orbit element set so it can be used by another piece of 

software that cannot handle some of the orbit propagation models that OATS has available. 

An orbit element coordinate conversion is performed by selecting one of the mutually exclusive set of 

FROM elements and one of the mutually exclusive sets of TO elements. Cancel will return the user to the 

main menu, and OK will bring up one of the orbit element dialogs in Figures 6-3 through 6-8. The flag 

field will be set to INPUT to show that the user is expected to input the orbital element set that will act as 

the source data to be converted. Data entry into these dialogs for coordinate conversions is handled just as 

was described in Section 6.3.2 for data entry to generate an ephemeris file. 

When the INPUT coordinates are set, and an OK is clicked, the conversion will be performed as specified 

in the opening dialog (Figure 6-14) and the output will appear in a dialog like that shown in Figures 6-6 or 

6-7. The flag field will show OUTPUT to indicate that the displayed data is a computed product. Orbit 

elements can be saved to an external file, which is a useful feature for saving the outcome of a comparison. 

• 

• 
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Coordinate Conuersion 
of Orbital Element Parameters 

FROM TO: 

O OLES / PME 
OOLES / Zulu 
® OLES / Charlie 
OKeplerian 
O Cartesian 
OTuio-Line 

(•) Cartesian 
®ECI 
OECF 

O Keplerian 

[I     OK     ||      ( Cancel J 

Figure 6-14. Dialog for Selection of Type of Orbital Element Coordinate Conversion 

6.5 IJTTLITY DIALOGS 

There are several utility dialogs used in the Propagate menu system. The first is shown in Figure 6-15, 

and is displayed when the user elects to overwrite an existing ephemeris file and the Macintosh standard 

interface protections do not apply. Ephemeris files are very important, and special care is taken to prevent 

the user from accidentally destroying one. Possible cases of file overwrite by OATS are flagged for the 

user with this dialog, which presents the File name and allows the user to proceed with the file overwrite 

with the OK button or to Cancel the operation and return to the main menu. 

I     CHUTION : Data Set Will be Ouermritten     I 

File UseP—Ephea—EIeaents 

[[    OK    ])       [ Cancel ) 

Figure 6-15. Ephemeris Data Set Protection Dialog 

The second utility dialog appears while generating the ephemeris file, but only if selected for in the 

System Pa rams dialog (see Section 5.1). This dialog displays progress toward completion of the 

generation of an ephemeris file. As seen in Figure 6-16, it shows the file name, a tabular value of 

percentage of file completed, and a fill-bar graphic showing progress toward completion. A chime will 

sound when the process is complete, making it possible to attend to other non-related matters until OATS is 

finished. This graphic can be valuable in cases where very large files have been selected or when a poor 

selection of generation parameters results in a file that is undesirably large. If the user suspects there is a 

problem, the file generation process can be stopped by clicking the Stop button in the fill-bar progress 
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graphic. An alert will be issued, processing will stop, and any portion of the generated ephemeris file will 

be deleted. 

File Creation Processing Status 

File :        User_Ephemeris_File 

Percent Complete :    38 

[ Cancel ] 

Figure 6-16. File Generation Progress Display 
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SECTION 7 - PLOT MENU 

All of the OATS plot functions are defined and initiated through the Plot menu shown in Figure 7-1. 

Because graphical displays of satellite coverage and coverage related phenomena are the primary thrust for 

the development of OATS, this menu is quite important and has many options. 

1 Sat. FOU                      ► 
2 Sat. Tracks                 ► 
3 Sat. Position              ► 
4 Sat. Suiath                  ► 

5 Target Position         ► 

6 Grnd.St. Position       ► 
7 Grnd.St. FOU               ► 

8 Density Contours      ► 
9 Line Contours            ► 

10 Sun & Shadows         ► 

Couerage Snapshot      ► 

Map ► 
Zoom ► 
Locator Mode               9€L 

Master Settings ► 
Wipe Screen                 36UJ 

Figure 7-1. Plot Menu 

The Plot menu is organized into four groups of commands. The first grouping is a set of ten commands 

that allow the user to directly plot satellite coverage or to plot structures like target positions or a satellite 

track that are related to coverage. These ten commands appear numbered in the Plot menu, and the 

numbering scheme is maintained wherever there is an OATS function related to plotting. Note that there is 

an intentional symmetry in the plotting menus and their associated commands. This leads to many 

similarities in the descriptions of the sub-menus and associated dialogs; however, the somewhat repetitious 

nature is required for those users that employ the manual to look up single commands rather than for cover- 

to-cover reading. The second grouping contains a single command for computation and manipulation of 

snapshots, defined as the instantaneous interaction of the fields-of-view of several spacecraft. The third 

grouping contains commands related to plotting and display of map data. The Map menu and its options 

are especially important to the operation of OATS. The final section contains a set of miscellaneous 

plotting commands that enhance the display or usefulness of the basic plot functions. 
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All plot activity initiated from the Plot menu will manifest itself in some way in the OATS Graphics 

Window. The user should note that it is not necessary for the Graphics Window to be visible or active for 

plotting to occur; however, it is generally advisable to have the Graphics Window active so that the user 

can see what is drawn as it appears on screen. Although it is preferred to show full titles for each of the 

Plot commands, space limitations dictate that some of the menu options are abbreviated. The convention 

will be to use the unabbreviated commands when presenting the menu selections. 

The various commands in the Plot menu share many common features. Each of the ten basic commands 

begins with an Options selection that presents a dialog that allows the user to set parameters that define 

the graphic to be plotted. Each also finishes with a Plot selection that initiates the defined plot. These 

commands can also be initiated with a 8§-n command-key, where "n" is one of the ten numerical 

characters from "1" through "0" (the zero is tenth) corresponding to the sequence of the plot-structure 

command. Depending upon function, the plotting commands will also have ICOnColor, Line Color, 

or Shading Color commands available, all of which will bring up the Color Selection utility dialog 

discussed in Section 7.17. In a similar fashion, Line Definition and Shading Densitg are 

commonly utilized menu options for Plot commands. For the sake of brevity, only those menu selections 

that initiate a unique response will be discussed in detail. Dialogs shared between several interfaces are 

discussed in Section 7.17. 

7 1 SATFTTTTF.FTET.n-OF-VIEW 

Figure 7-2 shows the menu selections available for Satellite  Field-Of-UieUJ. This series of plot 

commands is used to plot the FOV seen by a satellite antenna. 

Options... 
Line Color... 
Line Definition... 
Shading Color... 
Shading Density- 
Icon Options... 
Icon Color- 
Plot 861 

Figure 7-2. Satellite Field-Of-UieUJ Menu 

Options... 
The dialog that appears from the Options command appears in Figure 7-3. This dialog is not 

available to the user unless at least one ephemeris file has been opened (see Section 9.1). A list of 

files in the active Ephemeris File List appears in the scroll list to the left of the dialog. The 

satellite FOV is plotted from whichever of these files is active. The first open file is the default 
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selection when this dialog is initially accessed, but a different ephemeris can be selected by 

clicking the mouse on the name of the new file in the list. Once selected, the identity of this active 

file is distributed to most of the Plot dialogs. To eliminate uncertainty, the name of the active file 

is displayed in the Active File area below the list. The Time at which the FOV will be plotted is 

displayed in the Year, Month, Day, Hour, Minute, and Sees fields to the upper right of the dialog. 

The time is defaulted to the beginning of the ephemeris file, but can be reset by the user to any 

time during the interval covered by the file. As an aid in selecting the Time, the Time Span is 

displayed and shows the limits covered by the current active file.   The Time displayed in this 

dialog is linked to the time shown in the Satellite Position andSun & Shadows menu 

items (see Figure 7-1). Settings available through the SET ANTENNA Parameters and SET 

ATTITUDE Parameters are discussed in Section 7.17. The SET ATTITUDE Parameters button is 

active only if the radio buttons in the center of the dialog indicate that Use Attitude Data is active. 

The Cancel button will return to the main menu without recording any of the parameter changes 

made in this dialog, while OK will set all satellite FOV parameters as shown in the dialog. 

Set Satellite FPU Parameters 

EPHEMERIS FILE LIST: 

USER_EPHEMERIS_FILE1 
USER_EPHEMERIS_FILE2 
USER_EPHEMERIS_FILE3 

G- 

O 

at Time 

Vear(YVVV)   \~ 

^ 

Month (MM) | 2 | 

Day (DD) |  2  | 

Hour(HH) | 2 | 

Minute (MM) | 2 | 

Sees, (ss.ss)  p 

Click on NEW File to 
actiuate or on 
OLD file to reload 
ephemeris time 

Bctiue File  USER_EPHEMERIS_FILE2 
Time Span    02-01-1997,00:00:0.00  to   02-01-1997,01:52:0.00 

SET RNTENNfl 
Parameters 

Rntenna Attitude Dependence 
O Nadir Pointing 
(a) Use Attitude Data 

SET ATTITUDE 
Parameters 

m c Cancel 

Figure 7-3. Satellite Field-of-View Dialog 

Icon Options... 
The small dialog seen in Figure 7-4 is brought up, allowing the user to select whether or not an 

icon is to be plotted at the boresight of the satellite antenna and how large it should be. The small 

icon picture at the top is merely a reminder of what the boresight plot icon looks like. While the 

boresight for a simple nadir-pointing satellite may be extraneous information, the boresight can be 
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useful in understanding the pointing and location for an antenna that has sufficient attitude 

amplitude that it does not intersect the surface of the Earth. 

Boresight Options | ^S 

DShow Boresight 

Icon Plot Size 
(piuels) 

GD( Cancel 

Figure 7-4. Satellite Field-of-View Icon Options Dialog 

7 7 S ATF.T I .TTF. TRACKS 

Figure 7-5 shows the menu selections available for Satellite Tracks. This series of plot commands is 

used to plot the line path traced by an Earth orbiting a satellite. Since some map projections are two- 

dimensional and some are three-dimensional (see Section 7.12), this menu and the interfaces it calls make 

provision for plotting the track of the satellite projected onto the surface of the Earth as well as a three- 

dimensional orbit path. 

Sat.Tracks 

Options- 
Line Color... 
Line Definition... 
Time Tags... 
Plot 36 2 

Figure 7-5. Satellite Tracks Menu 

Options... 
The dialog that is called by the Options command appears in Figure 7-6. This dialog is not 

available to the user unless at least one ephemeris file has been opened (see Section 9.1). A list of 

files in the active Ephemeris File List appears in the scroll list to the left of the dialog. By 

selecting a file, the user determines which satellite track will be plotted. The first open file is the 

default selection when this dialog is initially accessed, but a different ephemeris can be selected by 

clicking the mouse on the name of the new file in the list. Once selected, the identity of this active 

file is propagated throughout most of the Plot dialogs. To eliminate uncertainty, the name of the 

active file is displayed in the Active File area below the list. The Start Time and Stop Time are 

taken from the current active ephemeris file, but may be reset by the user so long as the times are 

within the confines of the time period covered by the file. The default values of Start Time and 

Stop Time are the endpoints of the current active ephemeris file. If the user needs to reinitialize 
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the times on the current active file, that file name can be clicked as if it were a re-selection of the 

ephemeris file. The times displayed in this dialog are linked to the times shown in the Satellite 

Swath menu (see Figure 7-1). 

Set Satellite Track Parameters 

EPHEMERIS FILE LIST 

USER_EPHEMERIS_FILE1 
USER_EPHEMERIS_FILE2 
USER_EPHEMERIS_FILE3 

O 

<? 

Start Time : 

Vear(VVVV)   I     4~~ 

Stop Time 

Vear(VVVV)   I     4 

Click on NEW File to actiuate or on 
OLD file to reload ephemeris time 

fictiue File : USER_EPHEMERIS_FILE3 

Month (MM) | 2 | 

Day (DD) |  2  | 

Hour(HH) | 2 | 

Minute (MM) | 2 | 

Sees, (ss.ss)  |5 

Month (MM) | 2 | 

Day (DD) [T] 
Hour(HH) [T] 
Minute (MM) | 2 | 

Sees, (ss.ss)  [5 

Map Type =    Orthographic 

c 
□ Plot Orbiting Satellite step Size (seConds) 
El Plot Sub-Satellite Position 

OK 1 Cancel 
Set STOP TIME 

Lfrom ReuolutionS; 

Figure 7-6. Satellite Tracks Dialog 

OATS will identify the current Map projection (see Section 7.12), as it helps to explain the 

relevance of the selection of Plot Orbiting Satellite and/or Plot Sub-Satellite Position. The space 

track is a viable option only for three-dimensional plots, in which case at least one of the ground 

or space track options must be selected. The Step Size is the time interval in seconds between 

successively plotted points along the track. Since plotted tracks consist of a series of connected 

straight line segments, the smoothness of the plot is a function of step size. A smaller step size 

implies a smoother plot, but also implies a longer execution. Step Size is independent of the 

ephemeris step size interval. The Stop Time can also be set according to a user supplied number of 

Revolutions. This makes it easy, for example, to specify 3 orbits and have OATS compute the plot 

interval with the push of a button rather than estimating it and manually assigning a Stop Time. 

The Cancel button will return to the main menu without recording any of the parameter changes 

made in this dialog, while OK will set all satellite track parameters as shown in the dialog. 

Line Definition... 
The Line Definition dialog seen in Figure 7-7 is similar to the one seen in Section 7.17; 

however, it is unique in this case because two possible line types can be set in the same dialog- 

ue line for ground tracks and those for space tracks. A set of four radio buttons is available for 

each type to select plot track line thicknesses. A standard slide control is available to set the line 

density according to a range of 10 settings from solid through open and broken. 
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Line Definition for Satellite Tracks 

Ground Track Line Thickness: 

O Normal   O SuperBold 
©Bold        O Jumbo 

Line Density =    0 

Solid 101 imp =•••■ ..-■.■■■ .\$j Broken 

Space Track Line Thickness: 

O Normal   O SuperBold 
®Bold        O Jumbo 

Line Density =    0 

Solid kfrliiiiji:::    iv:: : '"• ' :l£l Broken 

GO Cancel 

Figure 7-7. Satellite Tracks Line Definition Dialog 

Satellite Track Time Tags | 

El Tick Marks Along Track 

Tick Size (pixels) 

Internal (seconds) 

Step Size (sec) : 

El Label Tick Harks 

30.0 

fset FONT/COLOR for Labels] 

Label Time Tupe Label Skip Factor 

OEphemeris Time 
® Elapsed Time 

1 

ME m 
Tag Label Format 

OHH:MM:SS      O Seconds 
®HH:MM O Minutes 
OMM:SS O Hours 

\{    OK    )]      [ Cancel) 

Figure 7-8. Satellite Tracks Time Tags Dialog 

Time Tags... 
In order to show the time dependence of a satellite track, OATS provides the capability to place 

labeled tick marks along the plotted track. These time tags are controlled via the dialog shown in 

Figure 7-8. Tick Marks Along Track to signify time points along the satellite tracks(s) may be 

flagged on or off. If on, the user may select the Tick Size in pixels as well as the Interval in 

seconds between ticks.  Label Tick Marks can turn labeling of the ticks on or off, and the Set 
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FONT/COLOR button can be used to define the appearance of the labels (see Section 7.17). The 

time tags Type can be selected to coincide with an Elapsed Time from the start time of the plot or 

to the Ephemeris Time derived from the file used to generate the satellite track. The Label Skip 

Factor permits a variable number of ticks to be skipped between label attachments. Radio buttons 

allow the user to select from one of six Label Formats for the labeling of time tags. Integral 

values of Seconds, Minutes, or Hours may be chosen, as well as formatted combinations of hours 

(HH), minutes (MM), and seconds (SS). The user is cautioned to try to pick an Interval for time 

tags that is an even multiple of the Step Size used to plot the track (see Figure 7-6). OATS will 

attempt to adjust a poor selection; however, the algorithm is not foolproof. 

7 1 S A TFT T TTF. POSITION 

Figure 7-9 shows the menu selections available for Satellite Position. This plot command is used to 

plot a satellite icon at the geographic and/or space positions for a user-selected time based on whichever of 

the ephemeris files is active and depending on the map projection in use. Satellite icons are shown in 

Figure 7-10. 

Options- 
Icon Options... 
Icon Color- 
Plot 8§3 

Figure 7-9. Satellite Position Menu 

IHH       Space-position icon for 3-dimensional projections 

I  ■  I       Sub-satellite position icon for all projections 

Figure 7-10. Satellite Position Icons 

Options... 

The dialog that is called by the Options command appears in Figure 7-11. It is not available to 

the user unless at least one ephemeris file has been opened (see Section 9.1). A list of files in the 

active Ephemeris File List appears in the scroll list to the left of the dialog. By selecting a file, the 

user determines which satellite track will be plotted. The first open file is the default selection 

when this dialog is initially accessed, but a different ephemeris can be selected by clicking the 
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mouse on the name of the new file in the list. Once selected, the identity of this active file is 

distributed to most of the Plot dialogs. To eliminate ambiguity, the name of the active file is 

displayed in the Active File area below the list. The Time from the ephemeris at which the 

position(s) will be plotted is displayed in the Year, Month, Day, Hour, Minute, and Sees fields to 

the upper right of the dialog. The time is defaulted to the beginning of the ephemeris file, but can 

be reset by the user to any time during the interval covered by the file. As an aid in resetting the 

Time, the Time Span is displayed and shows the limits covered by the current active file. The 

Time displayed in this dialog is linked to the time shown in the Satellite Field-Of-Uiew and 

Sun & ShadOLUS menu items (see Figure 7-1). OATS will identify the current Map projection 

(see Section 7.12), as it helps to explain the relevance of the selection of Plot Orbiting Satellite 

and/or Plot Sub-Satellite Position. The space position is a viable option only for three- 

dimensional plots, in which case at least one of the ground or space position options must be 

selected. The Cancel button will return to the main menu without recording any of the parameter 

changes made in this dialog, while OK will set all satellite position parameters as shown in the 

dialog. 

Set Satellite Position Parameters 

EPHEMERIS FILE LIST: 

USER_EPHEMERIS_FILE1 
USER_EPHEMERIS_FILE2 
USER_EPHEMERIS_FILE3 

o 
at Time 

Vear(VVVV) 

Month (MM) 

Day (DD) 

Hour(HH) 
m 

Minute (MM) |  2  | 

Sees, (ss.ss) |5 Click on NEW File to actiuate or on 
OLD file to reload ephemeris time 

RctiueFile  USER_EPHEMERIS_FILE1 
Time Span   01-01-1997,00:00:0.00 to   01-01-1997,01:32:0.00 

EP Plot Orbiting Satellite 
Map Type =     Orthographic I Plot Sub-Satellite Position 

IQ Cancel 

Figure 7-11. Satellite Position Dialog 

Icon Options... 
The small dialog seen in Figure 7-12 is brought up, allowing the user to select the size in pixels of 

the icons used to plot the satellite and/or sub-satellite positions. The small icon pictures are 

merely a reminder of what the position plot icons look like. 
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7ASATF.T.T.TTF.SWATH 

Satellite Options 

Map Type : Orthographic 

Satellite Plot Size 
(pixels) 

Sub-Satellite Plot Size 
(piKels) 

* 

D 
GS> Cancel 

Figure 7-12. Satellite Position Icons Dialog 

The Satellite Swath menu selections are shown in Figure 7-13. This plot command is used to plot the 

swath swept out by the satellite FOV over a time interval by an earth-orbiting satellite. 

Sat.Swath 
Options- 
Line Color- 
Line Definition- 
Shading Color- 
Shading Density- 
Plot 3§4 

Figure 7-13. Satellite SuJath Menu 

Swath coverage is computed with one of two possible algorithms, although the choice is not made directly 

by the user and does not appear in any dialog or interface. Knowledge of the existence of multiple 

algorithms is necessary only to understand some of the output and performance characteristics of OATS. 

The easiest algorithm to understand is the one which sums the area covered by consecutive fields-of-view 

spaced at equal stepped intervals. This algorithm will handle any attitude configuration of the satellite; 

however, it has the disadvantages that it is slow and it does not permit an outline of the swath path to be 

generated. The other algorithm has neither of these problems, but it is limited to nadir pointing antennas. 

This algorithm computes initial and final fields-of-view, and then computes incremental coverage boxes as 

wide as the FOV and transverse to the satellite ground track. Since most plotted satellite swaths will 

overlap themselves at some point, the user should note that only the most recent orbit's swath will fully 

display bounding edge lines. 

Options... 
The dialog called by the Options command appears in Figure 7-14. It is not available to the user 

unless at least one ephemeris file has been opened (see Section 9.1). A list of files in the active 
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Ephemeris File List appears in the scroll list to the left of the dialog. By selecting a file, the user 

determines which satellite swath will be plotted. The first open file is the default selection when 

this dialog is initially accessed, but a different ephemeris can be selected by clicking the mouse on 

the name of the new file in the list. Once selected, the identity of this active file is propagated 

throughout most of the Plot dialogs. To eliminate ambiguity, the name of the active file is 

displayed in the Active File area below the list. The Start Time and Stop Time are taken from the 

current active ephemeris file, but may be manually reset by the user so long as the times are within 

the confines of the time period covered by the file. The default values of Start Time and Stop Time 

are the endpoints of the current active ephemeris file. The Stop Time can also be set according to a 

user supplied number of Revolutions. This makes it easy, for example, to specify 2 orbits and 

have OATS compute the plot interval with the push of a button rather than estimating it and 

manually assigning a Stop Time. If the user needs to reinitialize the times on the current active 

file, that file name can be clicked as if it were a re-selection of the ephemeris file. The times 

displayed in this dialog are linked to the times shown in the Satellite Tracks menu (see 

Figure 7-1). The Step Size is the time interval in seconds between successively plotted points 

along the track. A smaller step size implies a smoother plot, but also implies a longer execution. 

Settings available through the SET ANTENNA Parameters and SET ATTITUDE Parameters are 

discussed in Section 7.17. The SET ATTITUDE Parameters button is only active if the radio 

buttons in the center of the dialog indicate that Use Attitude Data is active. The Cancel button 

will return to the main menu without recording any of the parameter changes made in this dialog, 

while OK will set all satellite FOV parameters as shown in the dialog. 

Set Suiath-of-Satellite Parameters 

EPHEMERIS FILE LIST: 

USER_EPHEMERIS_FILE1 
USER_EPHEMERIS_FILE2 
USER_EPHEMERIS_FILE3 

O 

Start Time : 

Vear(VVVV)   I     4~~ 

Stop Time : 

Vear(VVVV)   I     4~ 

Click on NEW File to actiuate or on 
OLD file to reload ephemeris time 

flctiue File    USER_EPHEMERIS_FILE2 

Month (MM) [  2  | 

Day (DD) |  2  | 

Hour (HH)        |   2   | 

Minute (MM) [1 

Sees, (ss.ss)  [5 
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Day (DD) |  2  | 
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SET RNTENNR 
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Figure 7-14. Satellite Swath Parameters Dialog 
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7 5 TARGET POSITION 

The Target Position menu is shown in Figure 7-15. This plot command is used to plot a set of target 

icons at user-defined geographic positions. Up to 100 targets may be plotted with a single Plot command. 

^^^^^H  
Edit List... 
Icon Options 
Icon Color... 
Plot 365 

Figure 7-15. Target Position Menu 

Edit List... 
The interface called by the Edit List command appears in Figure 7-16. This dialog is an 

interactive interface designed to allow the user to add, select, and display target data. It contains 

two target lists, one cataloged and one active. The cataloged list is also utilized in the 

Couerage menu (see Section 8). The Cataloged Target List is maintained between executions 

of OATS, and is intended to serve as a quasi-permanent list of targets for some user-defined 

overall scheme of coverage analysis. The Active Target List is wiped clean between OATS 

executions, and is intended as a dynamic and frequently changed list of targets for individual Plot 

commands. Each of these lists is displayed as a scroll list in the interface, along with a count of 

the number of objects in that list. Because the cataloged list is characteristically used as a source 

of objects for the active list, the Select and ALL Select buttons move objects from cataloged to 

active. The Select button moves a highlighted contiguous subset of targets with a single mouse 

click, while the ALL Select moves every target. Each list has a Clear button to eliminate all 

objects in the list, a Delete button that will eliminate a contiguous subset of the list that has been 

highlighted, and a Sort button to do an alphanumeric sort of list elements. The flexibility of this 

interface is enhanced by the OPEN File and SAVE File buttons, which allow an external list of 

targets to be read into or created from the cataloged list using the Macintosh standard file 

interface. The format for the target list files is covered in Section 10.3. It is a simple and 

straightforward format, which implies that a target list can be created by external software. An 

easy way to create an external target file might be with an editor. The Cancel button will return to 

the main menu without recording any of the parameter changes made in this dialog (including 

changes in the scroll lists), while OK will set all satellite target parameters as shown in the dialog. 

To the right of the dialog interface is a VIEW block for individual target data. Relevant data fields 

include the Name, geodetic Latitude, g&odeücLongitude, and Altitude. For targets already in either 

the active or cataloged list, data can be displayed by clicking on the target name in the scroll list. 
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The VIEW fields can also be used in conjunction with the Add button in the upper right of the 

interface to interactively, one-at-a-time, create a list of targets. Data is first manually entered into 

each of the four data fields. Pushing the Add button will then enter the new target data into each 

of the active and cataloged lists. Each target must have some type of name in order to clearly 

show its existence in the scroll lists; however, there is a great deal of flexibility built into OATS 

with regard to target name conventions. It is expected that targets may change frequently and that 

there may be no clearly unique place name associated with a target. Target names may be any 

non-blank field, including a simple numerical digit(s) as well as any combination string of 

alphanumerics. Target names may even be repeated as long as the qualifying latitude, longitude, 

and altitude are not all identical. When using the Add feature, OATS has provision for 

automatically naming targets. If the Name field is left blank, a name will be generated according 

to the settings for the radio buttons in the lower right corner of the interface and attached to the 

new target. Available schemes and examples of each include: 

TYPE F.XAMPLE DESCRIPTION 

Numbered    TARG_0001 target numbers 1 through 9999 

Place ID       TARG_+1241_12386 target at latitude +12.41° and longitude 123.86° 

Time ID        TARG_23-DEC-94_09:25:18  target created at 9:25:18 AM on December 23,1994 

(labeled according to Macintosh internal clock) 

f 
Target Interface : Hdd / Select / Uiew 

 J 
Add 

Cataloged Target List 
(Click to Uieu» Item) 

Hctiue Target List = 
(Click to Uieui Item) 

TRRG_0001 
THRG-0002 
THRG_0003 
TRRG-0004 
TRRG_0005 

Select 

[ Select J 

TRRG_0002 
TRRG-0003 
TRRG-0004 

O 

o 
' Delete ] 
r OPEN   ' 
I   File   J 

[  Clear J 
"  SRUE 
I    File   J 

Delete Clear Sort 

UIEUI of... 
Target Information and 

New Data Entry 

Name 
THRG_0003 

Latitude (deg) 
-67.000 

Longitude (deg) 
224.000 

Altitude (km) 
0.000 

OK Cancel 

For Unnamed ADD Targets: 
® Numbered IDs 
O Create Place IDs 
O Create Time IDs 

Figure 7-16. Target Interface Dialog 
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Icon Options... 

The dialog seen in Figure 7-17 is brought up, allowing the user to select the size in pixels of the 

icon used to plot target positions. A wide variety of icons has been made available for plotting 

targets. The four basic categories are Geometrical, Military, Civilian, and National Flags, and can 

be selected with a radio button. Each category has a pull-down menu that can be used to select the 

individual icon. The Monochromatic Icons are single-colored, with the color being controlled by 

the Icon Color option in Figure 7-15. Flags are automatically plotted using appropriate 

national colors, but should not be used if OATS has been configured for black and white plotting. 

Note that values which are too small will result in a warning message on exiting the dialog 

because the target icon will become unrecognizable below a threshold, and that the threshold 

varies with the type of icon selected for plotting. 

Target Icon Options 

Icon Plot Size (pixels): 

Monochromatic Icons 

® Geometrical        I Diamond 

O Military [Tank ~ 

OCiuilian |Gouemment 

Full-color Icons 

3 
Zl 
3 

O National Flags     |Canada 3 

OD Cancel 

Figure 7-17. Target Icon Options Dialog 

Geometri cal Military Civilian 

ngnBullseye ^^ Filled Triangle affl&Tank f®  Agriculture 

N^X-shape 1      1 Square W* Truck ^^< Fishing 

■^" Plus-shape 1 Filled Square ^± Surface Ship A City 

""•" Star-burst ^^ Diamond t^k Submarine /jftfi Mountains 

f) Circle ^^p Filled Diamond JL    Missile ■^^ Housing 

^ft Filled Circle \f Inverted Triangle ^o- Jet Fighter 4fy Forests 

/\ Triangle 
^V Filled Inverted 
Y   Triangle 

l^K Airplane J^   Government 

Figure 7-18. Available Monochromatic Target Icons 
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The current suite of monochromatic target icons is displayed in Figure 7-18. Only a percentage of 

possible national flags is available. 

7 fi fiROTTND STATION POSITION 

The Ground Station Position menu is shown in Figure 7-19. This plot command is used to plot a 

set of ground station icons at user-defined geographic positions.. The ground station icon is shown in 

Figure 7-20. Up to 20 ground stations may be plotted with a single Plot command. 

Figure 7-19. Ground Station Position Menu 

Grnd. St. Position  1 
Edit List- 
Icon Options... 
Icon Color... 
Plot                  3§6 

1 Figure 7-20. Ground Station Position Icon 

Edit List... 
The interface called by the Edit List command appears in Figure 7-21. This dialog is an 

interactive interface designed to allow the user to add, select, and display ground station data. It is 

very similar to the interface used for target lists. It contains two station lists, one cataloged and 

one active. The cataloged list is also utilized in the Couerage menu (see Section 8). The 

Cataloged G.S. List is maintained between executions of OATS, and is intended to serve as a 

quasi-permanent list of ground stations for some user-defined overall scheme of coverage analysis. 

The Active G.S. List is wiped clean between OATS executions, and is intended as a dynamic and 

frequently changed list of stations for individual Plot commands. Each of these lists is displayed 

as a scroll list in the interface, along with a count of the number of objects in that list. Because the 

cataloged list is characteristically used as a source of objects for the active list, the Select and ALL 

Select buttons move objects from cataloged to active. The Select button moves a highlighted 

contiguous subset of the ground station list with a single mouse click, while the ALL Select moves 

every station. Each list has a Clear button to eliminate all objects in the list, a Delete button that 

will eliminate a contiguous subset of the list that has been highlighted, and a Sort button to do an 

alphanumeric sort of list elements. The flexibility of this interface is enhanced by the OPEN File 

and SAVE File buttons, which allow an external list of ground stations to be read into or created 

from the cataloged list using the Macintosh standard file interface. The format for the ground 

station list files is covered in Section 10.4.   It is a simple and straightforward format, which 
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implies that a station list can be created by external software. An easy way to create an external 

ground station file might be with an editor. The Cancel button will return to the main menu 

without recording any of the parameter changes made in this dialog (including changes in the 

scroll lists), while OK will set all ground station parameters as shown in the dialog. 

f 
Ground Station Interface : Odd / Select / Uiem 

 } 
Rdd 

Cataloged G.S. List = 
(Click to View Item) 

flctiue G.S. List = 
(Click to Uiew Item) 

RRECEBO 
BLOSSOM POINT 
MRUI 
THULE 

O 

o 

Select 

ALL 
Select 

O 

Delete 
r OPEN   ' 
I   File    J 

Clear 

SflUE   ' 
I    File   J 

Sort [ Delete )  [  Clear ]   [sort] 

OK Cancel 

UIEUJ of... 
G.S. Information and 

New Data Entry 

Name 

MRUI 

Latitude (deg) 

20.700 

Longitude (deg) 

203.700 

Altitude (km) 

3.060 

Eleuation Mask (deg) 

0.000 

Figure 7-21. Ground Station Position Interface Dialog 

To the right of the dialog interface is a VIEW block for the individual ground station data. Data 

fields include the Name, geodetic Latitude, geodetidLongitude, Altitude, and the Elevation Mask. 

For stations already in either the active or cataloged list, data can be displayed by clicking on the 

station name in the scroll list. The VIEW fields can also be used in conjunction with the Add 

button in the upper right of the interface to interactively one-at-a-time create a list of ground 

stations. Data is first manually entered into each of the five data fields. Pushing the Add button 

will enter the new ground station data into each of the active and cataloged lists. Each station 

must have some type of name in order to clearly show its existence in the scroll lists; however, 

there is a great deal of flexibility built into OATS with regard to naming conventions. Station 

names may be any non-blank field, including a simple numerical digit(s) as well as any 

combination string of alphanumerics. Names may even be repeated as long as the qualifying 

latitude, longitude, altitude, and mask are not all identical. 

Icon Options... 
The dialog seen in Figure 7-22 is displayed, allowing the user to select the Icon Plot Size in pixels 

of the icon used to plot ground station positions. Note that values which are too small will result 

in a warning message on exit from the dialog because the ground station icon will become 
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unrecognizable below a threshold. Ground stations can also automatically have their names 

plotted when the station icons are plotted. The Plot GS Names checkbox turns name plotting on 

and off. The Set FONT/COLOR for Names button is active only if name plotting is active. This 

button brings up the font dialog discussed in Section 7.17, and allows the user to control the color 

of text for ground station names as well as the font and print style. Erase Name Background 

allows the user to eliminate all plotted information from behind the plotted ground station name. 

This feature can be useful if background clutter makes the names illegible. If background is 

eliminated for a name, OATS accomplishes this task by plotting an opaque rectangle layer before 

plotting the name text. The rectangle color is selected so that it is as close as possible to the map 

background color. 

Ground Station Options 

Icon Plot Size (pixels): 

HPIot GS Names 

(Set F0NT/C0L0R1 
for Names 

3 Erase Name Background 

[(     OK     ]|   [ Cancel 

Figure 7-22. Ground Station Icon Options Dialog 

7 7 GROUND STATION FIF.T-D-OF-VIEW 

The Ground Station Field-Of-Uieui menu is shown in Figure 7-23. This plot command is used to 

plot the field-of-view around every ground station in the Active Ground Station List (see Section 7.6). At 

this time, OATS only provides for a circular ground station field-of-view. 

Grnd.St.FOU 
Options... 
Line Color- 
Line Definition... 
Shading Color... 
Shading Density- 
Plot 867 

Figure 7-23. Ground Station FOU Menu 

Options... 
A ground station FOV must be linked to the altitude of a satellite that it is trying to see. OATS 

provides two methods of selecting this altitude for the ground station FOVs. The user may use the 
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radio buttons at the top of the dialog in Figure 7-24 to select a Fixed Value of Satellite Altitude or 

an Altitude Determined from Time of Satellite Position. If a fixed value is selected, the user 

manually inputs the satellite altitude in kilometers. If the satellite position is used, the altitude is 

derived from the time and location implied by the satellite position dialog (see Section 7.3) or the 

satellite FOV dialog (see Section 7.1). Because satellite position depends on an ephemeris file, a 

warning will be issued if the Time of Satellite Position option is selected without setting the time 

appropriately. The Cancel button will return to the main menu without recording any of the 

parameter changes made in this dialog, while OK will set all ground station FOV parameters as 

shown in the dialog. 

Ground Station FOU Parameters 

FPU Extent Determined bu : 

® Fixed Ualue of Satellite Rltitude 

km. 10 

O 
Rltitude Determined from 
Time of Satellite Position 

GO Cancel 

Figure 7-24. Ground Station FOV Dialog 

7 8 DF.NSTTY CONTOURS 

The Density Contours menu is shown in Figure 7-25. Density contours are solid area shadings using 

colors over a world-wide mesh to show satellite coverage by the color value in each mesh element. These 

area contours are based on a user defined set of ephemeris files, antenna settings, and ground stations. The 

Plot command issued from this menu will plot the computed satellite coverage values contained in a file 

derived using the Couerage menu as discussed in Section 8.2. It is strongly suggested that first time 

users master the techniques needed to produce this file before proceeding with plotting of density contours. 

OATS is also capable of plotting density contours for an externally created file with the proper format. 

Formats for both external and internal contour files are discussed in Section 10.7. Choice of the Plot 

command will first bring up a standard Macintosh interface from which the user must select a computed 

coverage file. If the file does not have expected OATS-file formatting, an alert message will appear to 

inform the user that the file will be treated as an external contour file. The product color mapping will be 

plotted overlying any data previously existing in the Graphics Window. A continental outline map (see 

Section 7.12) makes a very effective background for a density contour plot. Because colors are additive, it 

is recommended that density plots be made over maps using a white background with all black line colors. 
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Options... 
Legend Control- 

Plot 9§ 
Figure 7-25. Density Contours Menu 

Options... 
The dialog that results from the Options command appears in Figure 7-26. It is designed as an 

interactive interface to allow the user to set the parameters and colors employed when plotting 

density contours. Central to this interface is a non-standard scroll list of the contour values and a 

swatch of their associated color. Contouring is performed such that each level listed represents a 

range of coverage values, with the value shown equaling the lowest end of the range for a given 

color. The control buttons to the right of the color/value scroll list are used to modify the contour 

values, and the control buttons to the left of the list are used to modify the colors associated with 

the values. Each color value has a small button with a letter. These letters are used as local IDs 

within the scroll list, and are required when modifying a single color/value. At the top of the 

scroll list are buttons that allow the user to Scroll Up though the list one value at a time or to go 

directly to the Top of the list of values. Similarly, at the bottom of the scroll list are buttons that 

allow the user to Scroll Down though the list one value at a time or to go directly to the Bottom of 

the list of values. The number of coverage values in the scroll list is displayed at the top of the 

list. 
Density Contour Interface: Rdd, Select, Display of Colors 

» SflUE File 

« OPEN File 
-*■ 

FETCH Line 
« Contour 

Leuels 

«LORD Standard 
Contour Leuels 

Select Contour Type to Plot 

® Cumulatiue Couerage 
<§) Percentage of Time 
OTotal Couerage 
O fluerage Daily Couerage 

ORuerage Outage 
O Maximum Outage 

Percent Couerage Zl 
Q ( Cancel 

Figure 7-26. Density Contour Interface Dialog 
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To plot density contours, the user must first select the Contour Type from the radio buttons in the 

upper right corner of the interface dialog. All five possible types are available in the files 

produced by the Couerage menu. The Average Outage and Maximum Outage are given in 

terms of minutes per day that a mesh region is not covered (i.e. outage means mesh region is "out 

of view"). The Cumulative Coverage (time mesh region is in view) can be expressed as a 

Percentage of Time, as the Average Daily Coverage in minutes, or as the Total Coverage in 

minutes. 

Contour values can be loaded into the scroll list in a variety of ways. The Load button will 

retrieve one of five sets of Standard Contour Levels that can be selected from the pull-down menu 

next to the button. These sets of standard values are maintained along with their color settings in 

OATS largely as a service to first-time OATS users who are uncertain of what a good set of 

contour values might be. They are a good starting point for a set of coverage values, which the 

user can then adjust to his own needs. Values can be retrieved from an external file by an OPEN 

File command (see Section 10.6 for file formats). Correspondingly, a favorite set of values in the 

scroll list can be saved to a file using the SAVE File button. OATS also performs line contour (see 

Section 7.9) plots, which use a separate data base of contour values than those used for density 

contour plotting. If desired, the density contour values can be set equal to the line contour values 

with the FETCH Line Contour Levels button. Clear will eliminate all values in the scroll list. 

Delete will bring up the supplemental Delete Level ID dialog shown in Figure 7-27, which can be 

used to enter the single character local ID found to the left of the color swatches. The Add button 

allows the user to enter single new contour values with the supplemental Value to Add dialog seen 

in Figure 7-27. Whenever a new value is added to the color/value list, the list is sorted by value 

and the color of the new value is set to gray. 

Each color can be set individually with the lettered local ID button. Clicking on one will invoke 

the standard Macintosh Color Picker Dialog Box (Reference 8). The Picker dialog varies between 

systems, but usually presents a color wheel, a brightness scroll bar, and numerical color settings 

that can be used to set any color. The user should note that although the Picker is an easy way to 

set colors, any color set using the Picker will be rounded to whichever of the 256 in the look-up 

table is closest. As usual, the Cancel button will nullify any color settings changed in this dialog 

and the Set button will retain them for OATS plotting functions. All color settings are saved 

between OATS executions. 

The SET to Gray Scale button will convert all color swatches to a set of gray values running from 

black to white. The SET to Spectrum will convert all color swatches to a set of pre-selected color 
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swatches running through the rainbow colors of red, orange, yellow, green, blue, and violet. There 

is an upper limit of 16 colors available in this fashion. After setting the single colors at the top and 

bottom of the scroll list, the full range of colors can be set using the SET-ALL from Endpoints 

button. This could be used for instance to set color swatches ranging from white to blue with 

interpolated values between the extremums. In a similar fashion but on a smaller scale, the SET- 

BETWEEN Points button can be used to interpolate colors between any two color/values. The 

Letter IDs of Endpoints dialog seen in Figure 7-27 will be displayed, allowing the user to enter 

any two local IDs to use as endpoints in the color interpolation. 

Delete Leuel ID:   [T~| 

OKj     [ Cancel J 

Dalue to Rdd:    7 

P    OK    J      [ Cancel ] 

Letter Endpoint IDs: [J]t0[±] 

[|    OK    ||      [ Cancel ] 

Figure 7-27. Density Contour Interface Supplemental Dialogs 

Legend Control... 
The dialog that comes up with the Legend command appears in Figure 7-28.   It is used to 

provide control over the appearance of the legend that describes the density contours. The most 

basic control comes from a pair of radio buttons under Legend Display that turn the legend On or 

Off. The Legend Location allows the user to manually set the position of the legend by specifying 

the location in pixels of the Top and Left corner of the legend box. This can be important, because 

the plot layer used to show the legend typically covers up some small portion of a density plot. It 

is best to manipulate plot settings so that no coverage occurs or the coverage is over a non- 

essential area.   The Set to Default button will compute default values for the legend position 

settings, which will place the legend box in the upper left corner of the user's plot. Each level will 

have a color swatch and a value like those seen in the dialog in Figure 7-26.  Labeling of the 

swatch values can be As INTEGER Values or As FLOATING PT Values, according to the settings 

of the radio buttons provided. The Set Levels FONT button will call up the utility dialog discussed 

in Section 7.17 to allow the user to set the color and font style of the value labels. Font size is a 

critical value because the legend is made just large enough to accommodate the required number 

of color levels at the requested font. All parameters set from this dialog are preserved between 

executions of OATS. The Cancel button will return to the main menu without recording any of 
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the parameter changes made in this menu, while OK will set all legend parameters as shown in the 

dialog. 

Density Contours Legend 

Legend Display 
®0N 
OOFF 

®fls INTEGER Ualues 
OHs FLOATING PT Ualues 

Legend Location 

LEFT(pinels) 

TOP (pixels) 

Set Leuels FONT j 

Set to 
DEFRULT 

OK Cancel 

Figure 7-28. Density Contour Legend Dialog 

7.9 T.TNF. CONTOURS 

The Line Contours menu is shown in Figure 7-29. Line contours are isochrones connecting elements 

of a world-wide mesh that show satellite coverage by value of each mesh element. These line contours are 

based on a user defined set of ephemeris files, antenna settings, and ground stations. The Plot command 

issued from this menu will plot the computed satellite coverage values contained in a file derived using the 

Couerage menu as discussed in Section 8.2.2. It is strongly suggested that first time users master the 

techniques needed to produce this file before proceeding with plotting of line contours. OATS is also 

capable of plotting line contours for an externally created file with the proper format. Formats for both 

external and internal contour files are discussed in Section 10.7. Choice of the Plot command will first 

bring up a standard Macintosh interface from which the user must select a computed coverage file. If the 

file does not have expected OATS-file formatting, an alert message will appear to inform the user that the 

file will be treated as an external contour file. The line contours will be plotted overlying any data 

previously existing in the Graphics Window. 

Options.. 
Line Color... 
Line Definition.. 
Line Labels... 

Plot 

Figure 7-29. Line Contours Menu 
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Options... 
The dialog that results from the Options command appears in Figure 7-30. It is designed as an 

interactive interface to allow the user to set the parameters employed when plotting line contours. 

Central to this interface is a standard scroll list of the contour values. Contouring is performed 

such that each level listed represents a range of coverage values, with the value shown equaling 

the lowest end of the range for a given level. The control buttons to the right of the scroll list are 

used to modify the contour values. The number of Contour Levels in the scroll list is displayed at 

the top of the list. To plot line contours, the user must first select the Contour Type from the radio 

buttons in the upper right corner of the interface dialog. All five possible types are available in the 

files produced by the Couerage menu. The Average Outage and Maximum Outage are given in 

terms of minutes per day that a mesh region is not covered (i.e. outage means mesh region is "out 

of view"). The Cumulative Coverage (time mesh region is in view) can be expressed as a 

Percentage of Time, as the Average Daily Coverage in minutes, or as the Total Coverage in 

minutes. 

Contours Interface : Add / Select / Display / Retrieue 
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Figure 7-30. Line Contour Interface Dialog 

Contour values can be loaded into the scroll list in a variety of ways. The Load button will 

retrieve one of five sets of Standard Contour Levels that can be selected from the pull-down menu 

next to the button. These sets of standard values are maintained along with their color settings in 

OATS largely as a service to first-time OATS users who are uncertain of what a good set of 

contour values might be. They are a good starting point for a set of coverage values, which the 

user can then adjust to his own needs. Values can be retrieved from an external file by an OPEN 

File command (see Section 10.6 for file formats). Correspondingly, a favorite set of values in the 
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scroll list can be saved to a file using the SAVE File button. OATS also performs density contour 

(see Section 7.8) plots, which use a separate set of contour values than those used for line contour 

plotting. If desired, the line contour values can be set equal to the density contour values with the 

FETCH Density Contour Levels button. Clear will eliminate all values in the scroll list. Single 

values or a contiguous set of levels can be eliminated from the list by highlighting them with the 

mouse and then clicking the Delete button. The Add button allows the user to enter a single new 

contour value which has been entered manually into the input field provided. Whenever a new 

value is added to the values list, the list is sorted in ascending order. 

Line Labels... 
OATS makes provision for the user to label the line contours for identification purposes via the 

dialog shown in Figure 7-31. Labeling of Contour Values can be turned ON or OFF, and they can 

be shown as INTEGER Values or as FLOATING PT Values using the radio button settings. The 

Set FONT/COLOR button will call up the utility dialog seen in Section 7.17 to allow the user to set 

the color and style of the value labels. The user should note that this labeling is intended as 

supplemental information and that little effort has been made to make the labeling algorithm 

robust. One label only is provided for each isochrone. 

Labelling of Contour Ualues 

©ON (Labels Shown) 
OOFF   (No Labels) 

Label Display Mode 
(D INTEGER Ualues 
O FLOATING PT Ualues 

fSet FONT/COLOR! 
for Names 

GD Cancel 

Figure 7-31. Line Contour Labels Dialog 

7 10 STTN AND SHADOWS 

The Sun and Shadows menu is shown in Figure 7-32. This plot command is used to display a sun 

icon, shown in Figure 7-33, at the geographic sub-solar position. There is also an option to display a sub- 

lunar position, whose icon is also displayed. The plot command will show the terminator line, defined lines 

of twilight, and the area of the earth's surface in shadow. 
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Sun E- Shadows 
Options... 
Line Color... 
Line Definition- 
Shading Color- 
Shading Density- 
Icon Color- 
Plot SB 

Figure 7-32. Sun and Shadows Menu 

(D 
Sub-Solar Icon 

Sub-Lunar Icon 

Figure 7-33. Solar and Lunar Icons 

Sun and Shadow Features 

□ Sub-Solar Position 
Sub-Solar Point r 

Size (pixels)     L 

o Bt Time 

Vear(VVVV)   I 

E Terminator Line 

H Astronomical Twilight Line 

El Ciuilian Twilight Line 

D Sub-Lunar Position   Qy 
Sub-Lunar Point i—r 

Size (pixels)    I—_ 

Month (MM) [ 2 | 

Day(DD) [  2  | 

Hour(HH) | 2 | 

Minute (MM) | 2 | 

Sees, (ss.ss)    5 

no ( Cancel 

Figure 7-34. Sun and Shadows Dialog 

Options... 
Figure 7-34 shows the dialog that is opened by the Options command. Checkboxes are 

available to separately turn on or off the Sub-Solar Position, Terminator Line, Astronomical 

Twilight Line, Civilian Twilight Line, Shadowed Region, and the Sub-Lunar Position. Next to the 

position checkboxes for sun and moon positions are input fields which are used to set the Sub- 

Solar Point Size and Sub-Lunar Point Size in pixels. Note that values which are too small will 

result in a warning message when the dialog is exited because the icons will become 

unrecognizable below a threshold. The Time displayed in this dialog and used for plotting sun- 

related features is linked to the time shown in the Satellite Field-Of-UieLU and Satellite 

Position menu items (see Figure 7-1); however, the time can of course be reset manually. The 
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Time is displayed in the Year, Month, Day, Hour, Minute, and Sees fields in the right side of the 

dialog. All parameters set from this dialog except Time are preserved between executions of 

OATS. The Cancel button will return to the main menu without recording any of the parameter 

changes made in this dialog, while OK will set all sun and shadow related parameters as shown in 

the dialog. 

7 11 rOVFRACF. SNAPSHOT 

In OATS terminology, a coverage snapshot is defined as the instantaneous interaction of the fields-of-view 

of several spacecraft. This interaction can be quite complex depending on the number of spacecraft 

involved, their positions, their antenna definitions, their attitudes, and the type of interaction (unions versus 

intersections). Snapshots are somewhat alike to doing coverage analysis using Venn diagrams. The 

program provides the ability to define, freeze, manipulate, plot, and analyze coverage snapshots. Because a 

snapshot is really much more than a simple set of objects to plot, the menu tree that it invokes is more 

complex than most of the other plot options. Snapshot manipulations also cross over into the realm of 

coverage functions handled in Section 8-the user will find that there is a gray line dividing the plot versus 

coverage aspects of snapshots. The snapshot menu is at the head of the set of interfaces used to work with 

snapshots, and is displayed in Figure 7-35. 

Select- 
Set Constraints.. 
Edit Grnd Stns... 
Line Color... 
Line Definition... 
Shading Color- 
Shading Density. 
Statistics 

Plot 36H 

Figure 7-35. Couerage Snapshot Menu 

Select. 
This option opens the master snapshot selection dialog, shown in Figure 7-36. Snapshots are 

maintained within OATS as a complex list, with each list element possessing a myriad of defined 

characteristics. This dialog presents an overview of the SNAPSHOT LIST, presenting only the 

user-defined name for each. Supplemental information includes the count of objects in the list and 

a specific notation showing the Active Snapshot to avoid any ambiguities. From this dialog, the 

user is presented with six choices regarding manipulation of snapshots. Clear List is the simplest- 

-it just wipes the slate clean and empties the list. Delete will eliminate a single active 

(highlighted) element from the snapshot list. Print Summary will open the Macintosh standard file 
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interface and permit the user to choose a file where a summary printout of all parameters relevant 

to the active snapshot are printed. An example of this appears in Section 11. 

"Select Snapshot to Plot] 

SNAPSHOT LIST: 2 

TEST_SH0T1 
TEST-SH0T2 

O 
Click on Selection to Rctiuate Snapshot for 
Plotting, Printing, Inspection, Modification, 
or Deletion 

flctiue Snapshot:  TEST_SH0T1 

NEW INSPECT 
r                    \ 

MODIFV DELETE 
r  PRINT   ' 
Summary, 

CLERR 
List 

[[    OK     )]       [ Cancel j 

Figure 7-36. Snapshot Master Selection Dialog 

The New function in Figure 7-36 provides an interface as shown in Figure 7-37 that enables the 

user to define a new snapshot. Before a snapshot can be defined, the relevant ephemeris files must 

be opened. If applicable, the attitude and antenna parameters need to be set for each ephemeris 

file via the Set Constraints option in Figure 7-35. This choice presents dialogs reviewed in 

Section 8—it is one of the cross-over areas of snapshots that was alluded to in the introduction of 

this chapter. If attitude or antenna parameters are changed, then all snapshots are invalidated and 

the list is automatically emptied. The interface in Figure 7-37 used to define a new snapshot 

allows the user to select a subset of the Available Ephemeris Files, which are displayed in the 

Selected for Snapshot list. Files can be selected into this list using the ALL Select button or the 

Select button to move a contiguous highlighted subset of the open ephemeris files. The Clear and 

Delete buttons to the right hand side of the interface are an aid in choosing the set of ephemerides 

that define a snapshot. Delete acts to eliminate a contiguous subset of listed files. All snapshots 

require a Snapshot Identification to drive the list in the master selection dialog; however, a name 

can be repeated multiple times. The Available Time Spanis determined from the overlap interval 

of all ephemeris files Selected for the snapshot. No overlap implies no snapshot. Snapshot Time 

should be selected from the span, and is initially set to the beginning of the span interval. In order 

to aid in identifying plotted snapshots, the color of an individual snapshot may be set using the 

Freeze Color option. This attaches a user-specified color to a snapshot for the duration of its life 

in the program. If colors are not frozen for a snapshot, then plot color is controlled from the main 
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snapshot menu in Figure 7-35. The last set of parameters used to define a snapshot is quite 

important, and is controlled by the radio buttons to the left side of the dialog in Figure 7-37. 

Union or intersection of FOVs can be selected, as well as a union related to N-fold coverage 

regions. For example, a snapshot could be formed showing the coverage area defined by the union 

of the FOVs of any 2 out of 3 available satellites. 

Modify Snapshot 

Ruailable Ephemeris Files 

snap1_orbit 
snap2_orbit 
snap3_orbit 
snap4_orbit 

O 

o 

Selected for Snapshot 4 

snap1_orbit 
snap2_orbit 
snap3_orbit 
snap4_orbit 

<> 

<> 

c .  .1 Select 
Delete 

•* 
Clear 

ALL    "1 
Select J 

Snapshot Identification I Freeze Color Snapshot Time 

TEST_SH0T3 D Click for Color Picker Click/Hold for Color Table 
Vear(VVVV)   |     4 

Ruailable Time Span 
03-01-1996,00:00:0.00 to   03-01-1996,12:40:0.00 

Build Snapshot Rs : 
O Union of ALL FOUs 
O Intersection of RLL FOUs 
(§) Union of all N-fold FOUs             pt I   2   I 
O Union of all > or = N-fold FOUs ' ' 

Month (MM) [  2 | 

Day (DD) |  2 | 

Hour(HH)        |  2 | 

Minute (MM) |  2 | 

Sees, (ss.ss)  \5 

GO Cancel 

Figure 7-37. Dialog for Definition and Modification of Snapshots 

Snapshot Information for : TEST_SH0T3 
Snapshot Built as : union of all 2-fold FOUs 

EPHEMERIS FILE LIST Snapshot T me 

snapl-orbit 
snap2_orbit 
snap3_orbit 
snap4_orbit 

O 

O 

Year(VVVV) 

Month (MM) 

Day (DD) 

Hour(HH) 

Minute (MM) 

Sees, (ss.ss) 

1996 

0.00 

Ground Station Constraint   NO Frozen Color   VES 

INSPECT 
ANTENNA ParametersJ 

OD 
Figure 7-38. Dialog for Snapshot Inspections 
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The Modify option in Figure 7-36 also raises Figure 7-37 for the active snapshot. All of the user's 

previously specified choices are set and shown. The snapshot may be modified as required, and 

will be saved into the main snapshot list. Note that even if the name is not changed, if any data is 

modified from the original "new" definition, then the snapshot is considered as a new and unique 

snapshot. 

The Inspect option from the snapshot master selection dialog permits viewing in the dialog shown 

in Figure 7-38 of all of the relevant parameters selected for a snapshot without risk of changing 

anything. Notably the antenna and attitude parameters selected for each snapshot ephemeris file 

are available. 

Set Constraints... 
This option is identical to ones presented under the Coverage main menu selection. It is discussed 

in detail in Section 8. 

Edit Grnd Stns... 
This option is identical to the interface discussed in Section 7.6. It is included as a snapshot 

option to emphasize that the ground stations can be a critical part of snapshot formulation. 

Statistics 
This command raises the sub-menu shown in Figure 7-39. It allows the user to compute the area 

covered by the active snapshot, as set in Figure 7-36. 

Snapshot Statistics 
Define. 
Compute 

Figure 7-39. Snapshot Statistics Menu 

Define... 
The dialog shown in Figure 7-40 is presented, which allows the user to choose to print an 

optional Snapshot Summary along with the area computation. The printout is the same 

format as can be called for separately in the dialog seen in Figure 7-36 using the Print 

Summary button. The Target Grid Size determines the global grid used to compute the 

area covered by a snapshot. Large grid sizes make for faster computations, but smaller 

ones imply more accuracy. 

Compute 
This commands initiates the area computation. The Macintosh standard file interface will 

be activated to allow the user to select an output file for recording the computation. If 

called for by the system parameter settings (see Section 5.1), one of the tabular output 

windows will be opened and an echo of the output will be shown in the tabular window. 

The basic output for the computed area covered by a snapshot is a single line of print. 
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7.12 MAP MENU 

Set Statistics Definition 

H Print Snapshot Summary 
with Statistics 

Target Grid Size (deg)       2 
J(P"^"«^^^JL 

II     OK    1     [ Cancel ] 

Figure 7-40. Snapshot Statistics Definition Dialog 

Plotting maps is an important part of OATS function because a global map almost always forms the 

background against which graphic coverage results are plotted. The locations of satellites, targets, and 

ground stations that contribute to the overall scheme of a potential coverage situation are more easily 

conceptualized if displayed relative to a map. Often the potential implications of a particular orbit are more 

easily seen if viewed from an appropriately selected perspective. 

Projections... 
General Options... 
Label Options... 
Colors ► 
Line Definition       ► 
Standard Map        } 

m Plot Map 88 M 

Figure 7-41. Map Menu 

Plotting and control of maps in OATS is controlled with the Map menu, as displayed in Figure 7-41. 

Map is available from the Plot menu shown in Figure 7-1. There are seven menu selections from which 

to choose for control and plotting of maps. 

Projections... 

This command allows the user to select the map projection for an OATS plot. A map projection is 

the systematic mathematically defined representation of all or part of the surface of a three- 

dimensional spherical body (the Earth in this case) on a two-dimensional surface (paper or 

computer screen). All map projections will produce some level of distortion of map features, with 

the distortion occurring in map characteristics like area, shape, or scale. The map projection 

employed is usually selected based upon which distortion it is most critical to minimize. The 

Projections  command will produce a multi-appearance dialog as shown in Figure 7-42.   The 
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Projection 

® STEREOGRRPHIC 
O RECTRNGULHR 
O MERCflTOR 
OEQURL RRER 
O0RTH0GRRPHIC 
O UERTICRL PERSPECTIUE 

Set Map Projection  | 

Defining Parameters 

Point ofTangency 

Latitude 

Longitude 

OK    ]|      ( Cancel ) 

[SRUE Params Manually ] 

La»t Parameter« Saued on Eaiit 

Projection 

O STEREOGRRPHIC 
O RECTANGULAR 
® MERCRTOR 
O EOURL RRER 
OORTHOGRAPHIC 
O UERTICRL PERSPECTIUE 

GO Cancel 

Set Map Projection^ 

Defining Parameters 

Minimum Latitude 

Maximum Latitude 

Minimum Longitude 

Maximum Longitude 

[SRUE Params Manually) 

La«t Parameter* Saued on Exit 

rameters 

oint 

| Set Map F 

Projection 

O STEREOGRRPHIC 
O RECTflNGULRR 
0 MERCflTOR 
OEQURLRRER 
®ORTHOGRAPHIC 
O UERTICRL PERSPECTIUE 

rojection | 

Defining Pa 

Center P 

Latitude 

Longitude 

Scale 

6 

6 

6                 | 

[SflUE Params Manually] 

((    OK    )|      f Cancel ] 

Projection 

O STEREOGRRPHIC 
OBECTHNGULRR 
O MERCflTOR 
OEQURLRRER 
OORTHOGRAPHIC 
® UERTICRL PERSPECTIUE 

® Fixed Ualues 
O Satellite Ephemeris 

GD C Cancel 

Set Map Projection | 

Defining Parameters 

Center Point 

Latitude 

Longitude 

Scale 

Altitude (km) 8 

[SflUE Params Manually ] 

La»t Parameter« Saued on Exit 

Projection 

O STEREOGRRPHIC 
O RECTflNGULRR 
O MERCRTOR 
OEQURL RRER 
OORTHOGRAPHIC 
® UERTICRL PERSPECTIUE 

O Fixed Ualues 
® Satellite Ephemeris 

Set Map Projection  | 

Defining Parameters 

no Cancel 

Scale 

[SRUE Params Manually] 

latt Parameter« Saued on Exit 

Figure 7-42. Map Projection Dialog Variations 

various presentations of this dialog are shown in reduced size format merely to accommodate them 

together in this document. This figure presents defining parameters for the six map projections 

available in OATS. A brief description of each map projection is provided below, with further 

details available in Reference 9. Each of the six map projections can be selected via the radio 

button next to its name, which will show a view of input parameters appropriate to that map 

projection. Note that the dialog will appear the same for the Rectangular, Mercator, and Equal 

Area selections. Figure 7-43 presents a sample plot from each of the map projections. All 

parameters set from this dialog are preserved between executions of OATS. The Cancel button 

will return to the main menu without recording any of the parameter changes made in this menu. 

OK will normally set and save all map projection parameters as shown in the dialog and return to 

the main menu, with one exception.  If a Vertical Perspective map projection using a Satellite 
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Ephemeris is selected, a different exit path is employed as described below. Exiting this dialog 

using the OK will save only the map Defining Parameters being viewed. If the user wishes to set 

more than one set of parameters during a single viewing of this dialog, the Save Params Manually 

will save the set in view but will not exit the dialog. 

• Rectangular - This projection is the first of three OATS cylindrical projections, so named 

because they are from a family of transformations formed by projecting the earth's surface 

onto a cylinder wrapped around the sphere at the Equator. Such map projections have a 

conceptual cut along which the projection-cylinder is cut and then unrolled onto the flat 

surface. The Rectangular Projection (also known as Equidistant Cylindrical) makes no 

attempt to minimize any map distortion; however, it is the simplest map projection to 

construct and understand because latitude and longitude are presented as equally scaled 

Cartesian coordinates. OATS requires the minimum and maximum of latitude and of 

longitude to define this projection. All cylindrical longitudes should fall between -360 and 

+360 degrees and should not exceed a total range of 360 degrees. Rectangular latitude should 

not exceed -90 or +90 degrees. Parameters that violate these bounds will cause an alert on 

exit of the dialog, and will result in uncertain results in subsequent plots. OATS defines 

Rectangular plots such that in a square Graphics Window, the latitude scale equals the 

longitude scale implied by the user's choice of bounds. 

• Mercator - The Mercator projection is another cylindrical map projection that preserves map 

scale near the Equator. OATS requires the minimum and maximum of latitude and longitude 

to define this transform. Two major drawbacks of the Mercator projection are that there is 

significant area distortion near the poles, and that the poles themselves are an infinite distance 

from the Equator because vertical distance is scaled according to the secant of latitude. 

Consequently, the input latitude bounds must be less than +90 and greater than -90 degrees. 

• Equal Area - This is the third of OATS' cylindrical map projections, and is also known as the 

Lambert Cylindrical Equal-Area projection. It preserves area size of map features by making 

a perspective projection of the Earth sphere onto the encircling projection-cylinder using the 

sine of the latitude. Its major drawback is that there is extreme shape and scale distortion 

close to the poles. Latitude bounds should not exceed -90 or +90 degrees. 

• Stereographic - This map projection presents a view of the sphere projected onto a plane 

tangent to (one point touching) the sphere. It presents a view of exactly half of the sphere, 

and requires input of the latitude and longitude of the point of tangency. This projection 

preserves the shape of map features (conformal) and relative directions at any given point 

(azimuthal). Its major drawbacks are the area and scale distortions near the edges. 
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EQUAL AREA PROJECTION STEREOGRAPHIC 

ORTHOGRAPHIC VERTICAL PERSPECTIVE 

Figure 7-43. Sample Views of Available OATS Map Projections 
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• Orthographie - The orthographic map projection is equivalent to a perspective projection 

viewed from an infinite distance. Zero distortion exists only at the center, with significant 

distortion near the edge of the hemisphere that is visible. This projection is useful because it 

resembles the earth from a perspective view while maximizing the visible surface. It provides 

a very reasonable approximation to a three-dimensional view of the sphere and can be used 

effectively for showing the space track of a satellite. OATS requires the latitude and 

longitude of the center point of the view (actually the tangent point of the projection plane). 

A Scale factor is also required to determine the size of the spherical plot. A scale of 1.0 will 

cause the orthographic projection to fill the available plot window. Values smaller than 1.0 

are usually used to allow room to plot space tracks; however, values greater than 1.0 are 

acceptable. 

• Vertical Perspective - This map projection mimics the view of the Earth as seen from a 

nadir pointing satellite in orbit. Distortion is minimized at the center only, and grows as the 

edge is approached. It is possible with the radio buttons provided to select whether the 

viewing point comes from Fixed Values of Latitude, Longitude, and Altitude provided by the 

user in Figure 7-42, or from a Satellite Ephemeris. In either case, a Scale factor is required 

similar to that used for the orthographic projection. If Satellite Ephemeris is selected, and if 

one or more ephemeris files have been opened (see Section 9.1), then an additional dialog that 

is discussed in Section 9 will be displayed when the Map Projection dialog is exited. This 

dialog allows the view point to be selected as any point in any of the open ephemeris files. 

Either OK or Cancel from this dialog will exit to the main menu. 

General Options... 
This command presents the dialog shown in Figure 7-44 which allows the user to select the 

optional details defining a plotted map. Map Appearance allows a choice of a World-View Map, 

where green land masses are displayed on blue ocean background, or of a Continental Outline 

Map, where borders of land masses are plotted on a uniformly colored background, or of a World- 

View + Outline combination of the two which highlights the outlines of the solid green land 

masses. The Map Source radio buttons allow selection of the data which is used to plot the map 

boundary lines. Both the High Resolution and Low Resolution sources will draw on self-contained 

databases of latitude/longitude pairs that define the coastlines of land masses. The principal 

difference between these two sources is that a low resolution plot will execute faster, but will omit 

many small islands and delete some details from continental coastlines. A User-Supplied Map 

File can also be used as the source of plot data. The format for such a file is discussed in Section 

10.5. The Horizontal and Vertical Map Margins can be set as pixel parameters to allow a pre- 

defined minimum white space around a plotted map. This white space is helpful when cutting and 

pasting OATS-generated pictures to other applications (see Appendix B). A checkbox is provided 
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to plot an Outline Border for Map which is the same thickness as that selected for the thickness of 

coordinate lines using the Line Definition option in Figure 7-41. All parameters set from this 

dialog are preserved between executions of OATS. The Cancel button will return to the main 

menu without recording any of the parameter changes made in this dialog, while OK will set all 

map option parameters as shown in the dialog. 

Set Map Options 

Map Appearance: 

O LUorld-Uieui Map 
® Continental Outline 
O UJorld-Uiew + Outline 

Map Source : 

O High Resolution, OflTS Source 
® Low Resolution, ORTS Source 
O User-Supplied Map File 

Map Margins (pixels) 

Horizontal : 

Uertical: 

I Outline Border for Map 

GO C Cancel 

Figure 7-44. Map General Options Dialog 

Label Options... 
OATS provides generous flexibility with regards to labeling of plotted maps. Figure 7-45 has a 

checkbox to turn on or off the Lat/Lon Coordinate Grid, with parameter inputs provided to set the 

Latitude Grid Width, and Longitude Grid Width. An additional checkbox permits coordinate 

labeling to be turned on or off. Labels are attached to every coordinate grid line. Under some 

conditions-most notably cases like orthographic plots where some labels must be drawn across 

the face of the map-it is desirable to limit plotted labels to user-specified ranges so that some 

labels are omitted. The MAX and MIN of label limits is the mechanism that OATS uses to restrict 

label plotting. In order to disregard such limits, merely assure that they exceed the appropriate 

upper and lower limits of the plot. The Set Coordinate Labels FONT button raises the font dialog 

from Section 7.17. The checkbox to Highlight Lat/Lon Zero-Pt Lines can be used to identify the 

Equator and the Prime Meridian. These lines are then plotted one pixel thicker than ordinary 

coordinate lines so that they stand apart. The Force Longitude Labels option is useful only for 

selected map projections as indicated in the dialog. For cylindrical coordinate projections, labels 

are placed outside the edges of the map and this option is of no importance.  For the other map 
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projections as noted, normal procedure is to place longitude labels along the parallel of latitude 

closest to the center of the plot field. If the Force option is elected, labels are placed along the 

equator regardless of where it lies in the plot. 

Colors 

Select Map Coordinate Label Options | 

I Draw Lat/Lon Coordinate Grid 

Latitude Grid Width (deg) 

Longitude Grid Width (deg) 

1 Label Lat/Lon Coordinate Grid 
MBH MIN 

Latitude label limits (deg) 

Longitude label limits 

6 || 6 

6       II       6 

Set Coordinate Labels FONT 

H Force Longitude Labels to Equator for 
Orthographic, Stereographic, or Perspectiue 

D Highlight Lan/Lon Zero-Pt Line 

[(    OK    )j       (cancel 

Figure 7-45. Map Coordinate Label Options Dialog 

This menu selection presents the third level of menu options shown in Figure 7-46 which allows 

the user to individually select the colors used for Geographic (land mass outline) lines, 

Coordinate lines, Background shading for continental outline maps, and for the Map 

Border. All of these color-related selections will bring up the Color Selection utility dialog 

discussed in Section 7.17. 

Map Colors 
Geographic 
Coordinate 
Background 
Map Border 

Figure 7-46. Map Colors Sub-Menu 

Line Definition 
This menu selection presents the sub-sub-menu options shown in Figure 7-47 which allows the 

Geographic or Coordinate Line Definition to be set using utility dialogs discussed in Section 7.17 

Geographic 
Coordinate Figure 7-47. Map Line Definition Sub-Menu 
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Standard Maps 

This menu selection presents the third level of menu options shown in Figure 7-48. The use of 

standard maps provides a mechanism to Saue and Retheue frequently used background maps. 

While the process of just plotting a map is fairly brief, the entire process of deciding on projection, 

colors, and options can be very repetitive and time-consuming for some analyses. Retrieval of a 

background map which has been previously plotted and fine-tuned saves time. If necessary, 

features like ground stations or targets or even an orbital plot can be saved as part of a standard 

map; however, they cannot be changed or removed once saved with a standard map. When a 

Retheue is done, all crucial parameters defining a map projection are also retrieved and read 

into OATS. The Saue command brings up the Macintosh standard file interface dialog so that 

the user may specify name and directory for the standard map file to be saved. OK will save the 

map in the Graphics Window, while Cancel will return to the main menu. A standard map can be 

imported into a plot frame in the Graphics Window that is a different size than that used to create 

it (see Section 4.5); however, standard maps shrink well and expand poorly. As a rule, when 

creating a standard map they should be constructed at the maximum reasonable window size and 

using a 1-by-l page setting (see Figure 5-12). It is very important to recognize that before a 

standard map is created, the layers that contribute to it should be manually combined. Otherwise, 

only the single top layer is saved to the map file. Note that the Saue or Open menu selections 

done from the File menu (see Section 5.2) perform a function similar to the standard map 

commands; however, one critical difference is that the parameters defining the map projection are 

not propagated into or taken from the saved plot file. 

Standard Maps 
Retrieve 
Saue 

Figure 7-48. Standard Maps Sub-Menu 

Plot Map 

This menu selection will initiate execution of a map plot as defined by the dialogs in the previous 

discussion of set-up procedures for maps. This command can also be initiated with the command- 

key §€-M. With one exception, the Plot Map command will immediately commence to plot 

your map in the Graphics Window, regardless of whether the window is visible or if it is the active 

window. The exception comes when the user has specified that an external file will be used to 

define the map (see Figure 7-45). In this instance, the notice shown in Figure 7-49 will appear. 

After clicking on this notice, the Macintosh standard file interface dialog will be displayed and 

allow the user to select the map file. If the world view plus outline is selected, the user will be 

asked to select a file twice. Although cumbersome for generic maps where both selections would 
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be the same user map file, the double file selection makes possible the option of a background 

world view map and an overlying political map. 

Ildentify Vour Map File | 

Figure 7-49. Map File Identification Notice 

7 n ZOOM PROCESSES 

Zoom will bring up the sub-menu shown in Figure 7-50. This set of commands will change the display 

size of plotted data. Make special note that the zoom processes do NOT change the resolution of plotted 

data, nor do they change the size of the Graphics Window. They just make the image easier to see by 

making it larger or more compact. For example, an image at extreme magnification will start to show 

individual pixels in the plot-it will not show more details. Zoom is not a substitute for a more focused plot 

area. If what the user seeks is a "better" plot with clearer detail, it will be necessary to manipulate the scale 

or plot parameter limits to confine the area of interest prior to executing a plot. 

UP (Magnify) 9€U 
DOWN (Shrink) sen 
Original Size 360 
Control... 

Figure 7-50. Zoom Menu 

Zoom Control 

IK    2X    3K    4K    5K    6X    7K    BX    9K     IOK 

I    I    I    I    I    |    I    II    I 

ED Cancel 

Figure 7-51. Zoom Control Dialog 

The UP menu selection causes the plot display to be magnified, and can be accessed with the §§-U 

command key. In response to this magnify command, the cursor will be replaced by a locator icon cross- 

hair (see Section 7.14). The user then positions this cross-hair over the center of the area of the display that 

is to be enlarged, and clicks the mouse button to initiate a zoom. The DOUJN menu selection causes the 

plot display to shrink, and can be accessed with the §§-D command key. Either of these commands 

requires that plotted data lie in a single layer. If this is not the case, multiple layers will be added together 

before zooming.   Original Size will return the plot display to the original size, and is also available 
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through the §€-0 command key. Control brings up the dialog shown in Figure 7-51 which allows the 

user to change the amount of magnification or reduction via a standard Macintosh control slide. At 

maximum value, the image can be shown as 10 times its original plot size or at 10 percent of its original 

size. The power can be changed in increments of V4 power. 

7 14 LOCATOR MODE 

Locator Mode enters OATS into a mode where the latitude and longitude of a point on a plot indicated 

by the cursor is interactively computed and displayed. This mode can be accessed from the Plot menu or 

with an Ü-L command key. When the Locator Mode command is issued, the cursor changes to the 

locator icon specified by the settings discussed in Section . Locator icons are types of cross-hairs that allow 

the user to identify map locations with single-pixel resolution. A choice of three is available. The latitude 

and longitude are displayed in degree measure in a small dialog located in the upper left corner of the 

monitor. Its location is not connected to the Graphics Window. If the cursor is pointing outside of the 

defined boundaries of the map or plot display, the coordinate fields will show "?????" to indicate no 

coordinate available. If no plot has been made, then coordinates will not be defined anywhere within the 

Graphics Window. Locator mode works for all map projections. To exit Locator Mode, simply move the 

cursor to a location outside the Graphics Window such as into the menu bar at the top of the computer 

screen. The cursor will be returned to the normal pointer arrow and OATS will return to the main menu. 

7 15 MASTER SETTINGS 

The Master Settings menu is shown in Figure 7-52. This plot command makes no plot-rather it 

gives the user a means to display all similar types of plot settings so they may be viewed and changed in a 

single dialog. For example, while it is common to have a situation where only the size of the sun position 

icon is of interest, there may be other times when it is more valuable to be able to compare all of the icons 

at once and set them according to the size of each other. 

Master Settings 
Plot Icon Sizes... 
Plot Colors- 
Line Thickness- 
Line Density... 
Shading Density.. 

Figure 7-52. Master Settings Menu 

Plot Icon Sizes... 
As discussed throughout Section 7, all individual plot processes have individual controls that can 

be used to change the size of plotted icons. The Plot Icon Sizes menu selection displays the 
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dialog shown in Figure 7-53. It provides the user a master control dialog that can be used to set 

the size of all plotting icons, as well as provides a comprehensive display and identification of all 

plot icons. All icon sizes are in pixels. To the right of the dialog is a set of radio buttons that 

allow the user to select a Locator Icon. This icon is used as a cross-hair in place of the cursor for 

zoom magnification (see Section 7.13) and in Locator Mode (see Section 7.14). 

Master Symbols Interface 

Icon Size (piHels) 

■P SATELLITE 

^1 SUB-SRTELLITE PNT. 

^S SENSOR BORESIGHT 

Qgft TRRGET 

{?% SUN POSITION 

4^    GROUND STRTION 

fT\ MOON POSITION 

I 

Locator Icon 

©° 
X® 

OK Cancel 

Figure 7-53. Master Symbols Interface Dialog 

Plot Colors... 

As with symbols, all individual plot processes have individual controls that can be used to change 

the colors of plotted icons, lines, and shaded regions. The Plot Colors menu selection displays 

the dialog shown in Figure 7-54, which provides the user a master control dialog that can be used 

to set all the program colors. More importantly, it provides the user with a simultaneous summary 

display of all colors. Note that it also shows pictures of all the icons with the appropriate color 

control. Each of the color swatches is an active control. Using the mouse to click and hold on a 

swatch will provide a table of 256 colors, from which one can be selected. Alternatively, a simple 

click will bring up the standard Macintosh color selection interface for the machine being used- 

typically a color wheel. Button controls exist at the bottom of the interface to reset all colors to 

pre-selected defaults. Defaults cannot be altered by the user. While there is no set of colors that 

can be fixed that will satisfy all of the possible uses of OATS, the default group of colors has been 

chosen to be internally consistent with a majority of OATS' general purpose functions. All user 

color settings and of course the defaults are maintained between OATS executions. Color can be 

eliminated from and/or restored to plotting functions, effectively rendering a gray scale to all plots 
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and displays. Similar results can also be achieved by manipulating the Macintosh monitor control 

under the system's control panels. 

Master Colors Interface 

Satellite Data 

FOU Lines  

FOU Shading  

^V Boresight Icon .. 

Track Lines  

■j"Q Position Icon ... 

Swath Lines .... 

Swath Shading . 

Coueraqe Contour Lines 

Ground Stations 

<J   Icon   

FOU Lines ... 

FOU Shading 

Target Data 

rts?i Icon ., D 
Snapshot Regions 

Lines  

Shading  

Solar Features 

0^3 Sun^Moon Icons . 

Sun/Shadow Lines 

Shadow Shading . 

Map Characteristics 

Geographic Lines . 

Coordinate Lines . 

Border Line  

Background   

RESET: all colors 
to defaults 

DELETE: plot color from 
OUTS operations 

RESTORE: color to ORTS 
operations 

CIi ck Box for Co I or Pi cker or 
Click/Hold for Color Table OD Cancel 

Figure 7-54. Master Colors Interface Dialog 

Master Line Thickness Interface 

Satellite FOU Border (I) 

® Normal   O SuperBold 
QBold       O Jumbo 

Satellite Ground Track (2) 

O Normal   O SuperBold 
®Bold        QJw^ibo 

Satellite Space Track (2) 

O Normal   O SuperBold 
(5) Bold        O Jumbo 

OK 

Satellite Swath Border (4) 

O Normal   ® SuperBold 
QBold        O Jumbo 

Ground Station FOU (7) 

® Normal   O SuperBold 
QBold        O Jumbo 

Shadow Boundary Lines (10) 

® Normal 
QBold 

O SuperBold 
O Jumbo 

Coverage Contour Lines (9) 

® Normal   O SuperBold 
QBold        O Jumbo 

Snapshot Region (H) 

® Normal   O SuperBold 
QBold        O Jumbo 

Map Geographic Lines (M) 

® Normal   O SuperBold 
QBold        O Jumbo 

Map Coordinate Lines (M) 

® Normal   O SuperBold 
QBold        O Jumbo 

Cancel 

Figure 7-55. Master Line Thickness Interface Dialog 
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Line Thickness... 
As with symbols, all individual plot processes have individual controls that can be used to change 

the colors of plotted icons, lines, and shaded regions. The Line Thickness menu selection 

displays the dialog shown in Figure 7-55, which provides the user a master control dialog of radio 

button controls that can be used compare and set all line thickness settings simultaneously. 

Thickness is set by pixels, where: 

• Normal       = 1 pixel 

• Bold = 2 pixels 

• Super Bold = 3 pixels 

• Jumbo = 4 pixels 

Line Density... 
Although lines drawn by OATS will typically be chosen as solid lines, on some occasions it is 

useful to have lines-especially boundary lines-drawn as a shaded or partial line. Figure 7-56 

shows the master interface that allows all line densities to be set and viewed at the same time. 

Density settings range from 0 through 9, and are set using slide controls. Although it is nearly 

transparent to the user, there are actually two different types of line densities. Those in the upper 

group from Figure 7-56 employ lines with a density pattern to make them appear more or less 

broken. Figure 7-57 provides some examples at 4 pixel line widths of the various settings for line 

densities, with 0 levels being a solid line. All line densities in the upper group may be turned off 

by setting them to the maximum value. The Track line densities in the lower group are handled 

differently. They are not completely deleted at maximum value, as an invisible line for tracks is 

without purpose. Rather than a density pattern, satellite track lines are series of intermittent 

dashes. The length and density of the dashes are a composite of the line density setting, the step 

size (in seconds) used to plot the orbit, and the geometry of the map projection. The best way to 

find the right setting is to experiment. 

Shading Density... 
Area plots made by OATS (other than continents in maps) are drawn as shaded regions. The 

dialog shown in Figure 7-58 provides the master interface that allows all shading densities to be 

set and viewed at the same time. Shading density settings range from 0 through 11, are set using 

slide controls, and may be set to solid patterns by setting them to the maximum value. Figure 7-59 

provides some samples of shading density patterns. As a general rule of thumb, in cases where 

shaded regions overlap, it is best to use different density settings. 
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Master Line Density Interface 

Ualue 

0 

1 

0 

0 

5 

Ualue 

4 

3 

Satellite FOU Boundary 

Sat. Swath Boundary 

GS FOU Boundary 

Shadow Boundaries 

Snapshot Region Bounds 

Satellite Ground Track 

Satellite Space Track 

Solid None 

Chilli« IllliliiilOl 
lOiUHl »«• illilllHIIIlHI il|!!!i|«I*l 
|0|   illHMIIiIililiiiiil 

ION »111 
I jiiiii 

Solid 

mmm 
id 

iliililHilllllliillil   1 

Broken 

l<«!i!!ill «'ili«l«l*l 
lOÜilll-Üil! iiiiin«! 

|     OK I         Cancel 

Figure 7-56. Master Line Density Interface Dialog 

Figure 7-57. Line Density Samples 

Master Shading Density Interface 

Ualue 

8 

8 

10 

4 

4 

Solid                   None 

Satellite FOU              lOliiiiiiiiiiililiil'«'MiM 

Satellite Swath        l^llilttllllilll ««ÜiÜlillül*! 

Ground Station FOU lOiliilllliliiil   lilül^l 

Shadow Zones         lOiaSBll «wl!l|il:ili=:i:l|!:l[lli:Olill^>I 

Snapshot Reqion      |   |!il;;l!    l!!!!!:i;!l;!!l!!H!!i!!;:!!!l   1 

|(    OK    ]|          Cancel 

Figure 7-58. Shading Density Interface Dialog t 

Figure 7-59. Shading Density Samples 
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7.16 WIPE-SCREEN 

Wipe Screen eliminates all layers of plotted data in the current work area. Since the current work area 

is typically the full Graphics Window, this command wipes the screen clear. However, if using some non- 

typical plotting configuration, it may be necessary to employ the Clear command in the Edit menu (see 

Section 5.3) to clear the screen. The Wipe Screen command is used to start a fresh plot. It can also be 

accessed with an 9§-W command key. 

7.17 UTILITY DIALOGS 

This section discusses utility dialogs used in multiple places throughout the Plot menu tree. Some of them 

also appear in other places in the OATS system; however, their primary functionality lies with plotting 

operations. 

7.17.1 COLOR SELECTION 

OATS makes extensive use of color in its plotting routines. Figure 7-60 allows the user to set the color 

employed by line plot functions, area plot functions, and most symbol plot functions. This dialog presents 

a short title for the information in question, and a small Color swatch of the current color setting. The user 

may reset the color in three ways. The first is to use one of the eight standard QuickDraw colors 

(Reference 6) using the radio button controls. The second is to use the color look-up table. By clicking 

and holding the mouse on the swatch, an expanded view of the 256 available colors is presented-one of 

which can be singled out with the mouse. If this option is used, the color settings retained by OATS will be 

exactly those of the color selected. The third way is to use the Color Picker by simply clicking on the 

swatch, which presents the standard Macintosh Color Picker Dialog Box (Reference 8). The Picker dialog 

varies between systems, but usually presents a color wheel, a brightness scroll bar, and numerical color 

settings that can be used to set any color. The user should note that although the Picker is an easy way to 

set colors, any color set using the Picker will be rounded to whichever of the 256 colors in the look-up table 

is closest. If a Picker or table color is selected that matches one of the eight button colors, the appropriate 

button will be set. As usual, the Cancel button will nullify any color settings changed in this dialog and the 

Set button will retain them for OATS plotting functions. All color settings are saved between OATS 

executions. 
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7.17.2 FONT SETTINGS 

The appearance of plotted text in OATS is controlled with the dialog shown in Figure 7-61. A small set of 

sample characters is displayed in the right hand window using the current font settings. The Text 

Characteristics pull-down menu can be used to set the font, size, style, and color in standard Macintosh 

fashion. Note that in some cases the Underline style has been disabled for OATS because that print style 

can interfere with plot clarity. Again, the Cancel button will nullify any settings changed in this dialog and 

the OK button will retain them for OATS plotting functions. All font settings are saved between program 

executions. 

Color Setting for : Satellite Ground Track ■ Click for Color Picker Click/Hold for Color Table 

O Black     ORed        (§) Blue 
O White     O Green     O Cyan 

O Magenta 
O Yellow 

([    Set    1| [ Cancel ] ( Default ] 

Figure 7-60. Utility Dialog for Color Selection 

Set Graphing Font 

Te«t Characteristcis •* 

{L_0K__J   [ Cancel ) 

ifcctoEgMj 
ABC»»<5KU 
1234567*90 

Figure 7-61. Utility Dialog for Font Selection 

Line Definition for: Satellite FOU 

Plotted Line Thickness: 
(•) Normal   O SuperBold 
OBold       O Jumbo 

Line Density =    0 
Solid löTiüil jg] None 

[(    OK    )]    [ Cancel 

Figure 7-62. Utility Dialog for Line Definition 

7.17.3 LINE DEFINITION 

Lines that are plotted by OATS, e.g. coordinate lines, swath borders, ground station FOV borders, etc., are 

usually defined by a Line Thickness in pixels and a Line Density or transparency.  The utility dialog in 
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Figure 7-62 is used to set most line definitions in the Plot menu trees. Thickness is set with radio buttons, 

and ranges from a Normal single-pixel width line to Jumbo which has a line width of 4 pixels. A total of 

10 levels is available to set line density using the control slide which varies from Solid (0) to None(9). See 

section 7.15 for additional discussion. 

7.17.4 SHADING DENSITY SELECTION 

Regions that are plotted by OATS, e.g. shadow areas, swath coverage, ground station FOV, etc., are 

defined by a Shading Density or transparency. The utility dialog in Figure 7-63 is used to set most shading 

values in the Plot menu trees. A total of 12 levels is available to set shading density using the control 

slide which varies from Solid (0) to None(\ 1). See section 7.15 for additional discussion. As a general rule 

of thumb, in cases where shaded regions overlap, it is best to use different density settings. 

Shading Density for: Satellite FOU 

Ualue =    8 

Solid |0|V; :'•'•''•    M.:..|»| None 

GO Cancel 

Figure 7-63. Utility Dialog for Shading Density Selection 

7.17.5 ANTENNA PARAMETERS 

Spacecraft antenna patterns may be quantified using the utility dialog seen in Figure 7-64. The angles 

Specification is accomplished using three radio buttons and a checkbox on the left side of the dialog. The 

definitions pertinent to these controls are discussed in Appendix A-it is strongly recommended reading 

before using this dialog. Angle values for the antenna may be specified in the middle Values section of the 

dialog. The Secondary Angle is only required and can only be set for the case of a FOV shaped like an 

Annulus. Note that in the example shown, the data is presented in INPUT MODE In some uses of this 

dialog in OATS, the data is presented in VIEW MODE and cannot be changed. To the right of the dialog is 

a button that allows the user to bring up an Angle Conversion Computers, special small slave dialog seen 

in Figure 7-65 that is used to compute the Primary and Secondary angles for the antenna in an alternate 

geometry. It is useful to be able to visualize the antenna angles in a different format by simply pushing the 

Elevation, Cone, or Earth Central buttons. Note the dot to the right of the buttons in Figure 7-65 shows the 

current angle formulation. If Exit is pushed, the computer returns to the Antenna Parameters dialog with no 

changes. If Keep Angles is used as the exit, the most recent choice of angle geometry and the newly 

displayed angles are retained. 
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Rntenna Parameters INPUT MODE 

Specification 
(•) Elevation 
O Cone half-angle   ^ 
O Earth Central 

Rnnulus 
FOU 

Ualues 

Primary Angle (deg): 

Secondary Angle (deg): 

|    OK    J       [ Cancel 

Angle 
Conversion 
Computer 

Conuersions are 
time dependent. 

Figure 7-64. Utility Dialog for Antenna Parameter Selection 

Uieuj As : 
Elevation 

Cone 
(Earth Central] 
Primary : 

0.0000 
Secondary: 

E3K Keep 
Angles 

Figure 7-65. Utility Dialog for Angle Conversion Computer 

8 
Declination 

Attitude Specification j    INPUT MODE 
Attitude Source Right Ascension 

® FINED Ualues 
OFILE Deriued 

Attitude Tupe 
O Pitch/Roll/Vau» 
® Inertial Stare 
_0rbit FiHed with 

NOTE:     Swath Parameters Not Active 
Attitude Source Files 1 

respect to Perigee 
K    OK     )       [ Cancel ) 

,JJ,   Click on File to Activate 

Figure 7-66. Utility Dialog for Attitude Parameter Selection 

7.17.6 ATTITUDE PARAMETERS 

Spacecraft attitude parameters are important for coverage analysis and for plotting of coverage regions. 

They are specified in the second level dialog shown in Figure 7-66. Because this is a second level dialog, 

there is sometimes an informational message displayed in the upper right corner of the dialog. As with the 

antenna parameters in the previous section, the attitude parameters can be viewed in an INPUT MODE as 

well as a VIEW MODE. The Attitude Source of data can be specified using radio buttons to choose FIXED 

Values or FILE Derived values. If fixed values are selected, the Attitude Type may be specified with a 

choice of three radio buttons. The fixed angles for the three cases are: 



Pitch/Roll/Yaw Pitch, Roll, and Yaw attitude angles 

Inertial Star Right Ascension and Declination of the stare point 

Orbit Fixed w.r.t. Perigee   Unit vectors in the perifocal coordinate system 

See Appendix A.2 for precise definitions of these attitude specifications. 

If a file derived attitude is elected, attitude files (see Section 10) must first have been opened (see Section 

9). Open Attitude Source Files are displayed in the list to the right of the dialog. The user may click on the 

file of interest, which has a self-contained flag that determines the Attitude Type. 
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SECTION 8 - COVERAGE MENU 

The OATS program has the ability to perform three types of orbit coverage analysis-tabular coverage, 

graphical coverage, and look angle coverage. These three computational options are accessed by the 

Couerage menu, shown in Figure 8-1. Each of the types of coverage analysis, Tabular, Graphical, 

and GS Look Angles, has a sub-menu that offers several choices used to set-up the computational run. 

After setting the parameters, the specific Run option is used to initiate execution of the coverage 

computation. 

Couerage 
Tabular ► 
Graphical ► 
GS Look Angles ► 

Run Tabular 
Run Graphical 
Run GS Look Rngles 

Comparison 

Figure 8-1. CouerageMenu 

In each of the following sections ground station visibility is defined to occur when the satellite is above 

some minimum elevation from the ground station horizon. Target visibility is defined to occur when the 

target lies in the satellite antenna pattern. 

« 1 TART7T.AR COVERAGE 

This analytical procedure yields a tabulated list of visibility statistics for a user-defined combination of 

ground stations, satellites, and targets. Up to 31 ground stations, 27 satellites (synonymous with a 

maximum 27 separate active ephemeris files), and 100 targets may be used in a single run. The Tabular 

coverage function computes orbital coverage statistics for a system of satellites as viewed by a set of 

ground targets. A target is said to be covered when exactly n satellites or n-or-more satellites in the system 

is visible to the target. Any or all of the satellites may optionally have a constraint applied such that any or 

all of a set of ground stations must be visible for coverage to exist. This is a condition that might apply if a 

direct satellite communications link is required. The antenna pattern is specified for each satellite 

individually. The Tabular coverage function uses an oblate Earth and can optionally account for 

atmospheric refraction effects. 
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8.1.1 PREPARATION MENUS 

In order to execute a tabular coverage run, five sets of data must be selected. These include at least one 

ephemeris file, optional antenna parameters for each file, optional attitude parameters for each file, optional 

ground stations, and at least one target position. Ephemeris files are selected first using the Ephemeris 

menu (see Section 9) to select and open an active list of files. All open ephemeris files will be used for the 

tabular coverage run. The remaining sets of data are set using the preparatory sub-menus shown in Figure 

8-2. 

Edit Grnd Stns... 
Edit Targets... 
Set Constraints. 

Figure 8-2. Tabular Coverage Sub-Menu 

Edit Grnd Stns... 
This menu selection allows the user to choose the set of ground stations that will be used for the 

tabular coverage run. It brings up a dialog identical to that shown in Figure 7-21. The function of 

that dialog is discussed in Section 7.6 and the user is referred there for information on how to fill 

the active list of ground stations. At least one ground station is required if any of the ephemeris 

files is associated with a ground station constraint (see below). 

Edit Targets... 
This menu selection allows the user to choose the set of targets that will be used as part of the 

tabular coverage run. It brings up a dialog identical to that shown in Figure 7-16. The function of 

that dialog is discussed in Section 7.5 and the user is referred there for information on how to fill 

the active list of targets. 

Set Constraints... 
When each ephemeris file is opened it is assigned a default set of null constraints, including 

antenna parameters, attitude parameters, ground station constraints, and target constraints. All of 

these parameters can be changed using the Set Constraints menu, which brings up the dialog 

shown in Figure 8-3. To change any of the constraints, select an ephemeris file from the active list 

by clicking on the name of a file in the Ephemeris File List. The name of the selected file will 

appear as the Active Ephemeris File to verify the file that is in the process of being changed. The 

SET ANTENNA Parameters and SET ATTITUDE Parameters buttons bring up the same utility 

dialogs discussed in Section 7.17.5. Their function is the same as noted for satellite FOV (Section 

7.1) and swath (Section 7.4) plotting. 
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EPHEMERIS FILE LIST: 

Set Uisibility Constraints 

I 

Iandsat4_ephem O 

o 
Click on File to actiuate 
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Set 
GROUND STRTION 
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Set 
TARGET 

Constraints 

SET RNTENNR 
Parameters 

Antenna Attitude Dependence 
O Nadir Pointing 
® Use Attitude Data 

SET ATTITUDE 
Parameters 

OK Cancel 

Figure 8-3. Visibility Constraints Dialog 
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Figure 8-4. Ground Station Constraints Dialog 

Target Constraints 

Number of Satellites Uisible 
to Target must be : 
O Equal to 
® Greater than or equal to 

1    1    1 satellites 

1     OK    J|      Cancel j 

Figure 8-5. Target Constraints Dialog 

Selecting Set GROUND STATION Constraints shows the dialog seen in Figure 8-4. The 

fundamental ON/OFF switch in this new second-tier dialog serves as the activation switch for 

ground station constraints for the active file. The user may choose a subset of the Active ground 

92 



stations to act as constraint factors for the active file. The ALL button validates all ground 

stations, and the Move button will validate any contiguous subset from the left-hand list. Radio 

buttons permit a choice of ANY or ALL of the validated ground stations as a constraining 

condition. The CLEAR button serves only as an aid in editing the list of validated ground stations. 

Selecting Set TARGET Constraints shows the dialog seen in Figure 8-5. Potential target 

constraints are rather simple. A user-input number n of visible satellites is linked with a radio 

button selection of Equal to n or Greater than or equal to n satellites for the constraining 

condition. The target visibility by individual satellites is determined by nesting their ground 

station constraints (if any) simultaneously with the target lying in the antenna pattern. 

Tabular Couerage Interface 

Start Time      Stop Time 

Vear(VVVV): 

Month (MM): 

Day (DD): 

Hour(HH): 

Minute (MM): 

Sees, (ss.ss): 

O 
B 
Q 

K 

HD 

8 Step Size (seconds) 

□ Print Up/Down Times 
[3 Atmospheric Refraction Correction 

GO Cancel 

Figure 8-6. Tabular Coverage Dialog 

8.1.2 RUN TRBULRR MENU 

When all parameters have been set, a tabular coverage run is initiated by selecting Run Tabular from the 

Couerage menu shown in Figure 8-1. The Tabular Coverage Dialog shown in Figure 8-6 will appear. 

The initial Start Time and Stop Time will be the minimum and maximum values found in the collected set 

of ephemeris files. These can be changed, but must be within the bounds of all files used. The step size 

will be used to set the output computational interval. There is no direct relationship between this interval 

and the intervals used when creating ephemeris files. An interpolation routine is used to compute satellite 

state vectors from the available ephemeris data. A checkbox exists in the dialog to allow the option to 

Print Up/Down Times for each coverage period to the output tabular data. A checkbox also exists to allow 

the Atmospheric Refractive Correction to be turned on or off. Cancel will return the user to the main menu, 
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while OK will initiate calculation of the tabular coverage. The Macintosh standard file interface will first 

appear to allow the user to select a file and directory for output of the computed tabular data. If the user 

wishes to watch the calculations in progress and has set the System Parameters (see Section 5.1) 

appropriately, a Tabular Window will be opened and will contain an echo of the computed output tabular 

data. A tabular coverage run may be aborted by the user by pushing and holding the mouse button. 

Execution will stop, there will be an alert message, and whatever portion of the file of computed tabular 

data has been generated will be left intact. An example of the output file of tabulated coverage data is 

shown in Section 11. 

8 9 GRAPHICAL COVERAGE 

The graphical coverage function computes world-wide coverage of a system of satellites. This process 

computes the cumulative coverage, average outage, and maximum outage times over a global target grid 

uniformly spaced in latitude and longitude. Target visibility is defined to occur when one or more satellites 

has the target in its antenna pattern while its ground station constrint (if any) is simultaneously satisified. 

The process does not employ n-fold coverage as in the tabular case. It uses the meridian mesh technique of 

Casten and Gross (Reference 10) for nadir pointing satellites, and a related meridian mesh technique from 

Middour (Reference 11) for attitude-dependent cases. Coverage statistics are computed at each point in 

the grid. The technique is quick because a spherical earth is used as a simplifying assumption for the target 

positions, although an oblate earth model is used for the ground station constraints. Coverage is calculated 

using geometry only-no atmospheric or aberration effects are included in the model. 

By itself, this analysis function does not produce coverage information that is of direct value to most users. 

Rather, it serves as a set-up procedure that yields a single file of tabulated coverage data that can be 

employed by the Plot menu options (see Sections 7.8 and 7.9) to produce a graphic contour or density 

mapping of satellite coverage. This mapping is usually shown superimposed on an earth plot to show the 

extent of coverage for a given satellite grouping. Both dimensions of the global latitude/longitude mesh 

size can be specified by the user. An increment as small as 1.0 degree can be used; however, the smaller 

the mesh the longer the compute time. The mesh effectively takes the place of the individual targets used 

in the tabular coverage procedures discussed above. Exactly as with tabular coverage, any or all of the 

satellites may optionally have a constraint applied such that at least one ground station must be visible for 

coverage to exist. Again, up to 31 ground stations and 27 satellite ephemeris files may also be used as 

simultaneous inputs to the graphical coverage analysis. 
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8.2.1 PREPARATION MENUS 

In order to execute a graphical coverage run, five sets of data must be selected. These include at least one 

ephemeris file, optional antenna parameters for each file, optional attitude parameters for each file, optional 

ground stations, and the latitude and longitude spacing of the global mesh elements. Ephemeris files are 

selected first using the Ephemeris menu (see Section 9) to select and open an active list of files. The 

remaining sets of data are set using the preparatory sub-menus shown in Figure 8-7. 

Graphical 
Edit Grnd Stns... 
Edit Mesh... 
Set Constraints.. 

Figure 8-7. Graphical Coverage Sub-Menu 

Edit Grnd Stns... 

This menu selection allows the user to choose the set of ground stations that will be used as 

satellite visibility constraints for the graphical coverage run. It brings up a dialog identical to that 

shown in Figure 7-21. The function of that dialog is discussed in Section 7.6 and the user is 

referred there for information on how to fill the active list of ground stations. At least one ground 

station is required if any of the ephemeris files is associated with a ground station constraint. 

Edit Mesh... 

This menu selection allows the user to set the latitude and longitude spacing of the global mesh 

elements. It brings up the dialog shown in Figure 8-8. Mesh dimensions must be entered as 

integer values greater than or equal to 1 degree. The mesh need not be "square" (i.e. equal 

valued). 

Mesh Size Dialog 

Longitude Spacing (deg.): 

Latitude Spacing (deg.): 

GO Cancel 

Figure 8-8. Mesh Size Dialog 

Set Constraints... 

This menu selection allows the user to choose the constraints that define the visibility pattern for 

each satellite. It brings up a dialog identical to that shown in Figure 8-3, and discussed in Section 

8.1.1. The user is referred there for information on how to set the visibility constraints. Note that 
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only the target constraint options will be inactive, as they do not apply to graphical coverage 

computations, i.e. the computation is fixed at 1-fold or greater coverage. 

Graphical Coverage Interface 

Start Time      Stop Time 

Vear(VVVV):      |4 

Month (MM):    [2    ] 

Day (DD):           \5~\ 

Hour(HH):          [F] 

Minute (MM):   \2~\ 

I4         1 
D 
ID 
D 

Sees, (ss.ss):    |5 I5 

Step Size (seconds): 

□ Data Compression 

8 

[[    OK    ]|         Cancel 

Figure 8-9. Graphical Coverage Dialog 

8.2.2 RUN GRAPHICAL MENU 

When all parameters have been set, a graphical coverage run is initiated by selecting Run Graphical 

from the Couerage menu shown in Figure 8-1. The Graphical Coverage Dialog shown in Figure 8-9 

will appear. The initial Start Time and Stop Time will be the minimum and maximum values found in the 

collected set of ephemeris files. The step size is used to set the computational interval. Again, there is no 

direct relationship between this interval and the intervals used when compiling the ephemeris files. A 

checkbox exists in the dialog to allow the option to turn Data Compression of the output file on or off. A 

discussion of compression and of how the data in the output file is mapped onto the global grid is provided 

in Section 10.7. Cancel will return the user to the main menu, while OK will initiate calculation of the file 

required to make coverage plots. The Macintosh standard file interface will first appear to allow the user to 

select a file and directory for output of the computed data. If the user decides to terminate generation of the 

coverage run, the mouse button can be pressed and held. An alert message notifying the user of the aborted 

run will be displayed, and any portion of the generated file will be deleted. If the user wishes to watch the 

calculations in progress and has set the System Parameters (see Section 5.1) appropriately, a Tabular 

Window will be opened and will contain an echo of the computed output data; however, you are cautioned 

that these computations can be time consuming. If the user has elected to have a progress display (see 

System Params under Section 5.1), a graphic will be presented like that seen in Figure 6-16 showing a 

fill-bar graphic of progress toward completion. As the preparation of the graphical coverage tabular file is 
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a two stage process, the progress graphic will be presented twice. This graphic can be valuable in cases 

where a very small mesh and/or large ephemeris intervals result in lengthy wait periods. If the user 

suspects there is a problem with the initial conditions, the file generation process can be aborted by hitting 

the button in the progress display. If elected in the System Params settings, upon completion of 

generation of the graphics coverage set-up file, a summary of the data it contains similar to that shown in 

Figure 8-10 is displayed. This display demands no user inputs-it exists only to give the user some concept 

of the values that should be looked for when exercising the Plot menu options. There is a single Save 

Data button that will save the summary data to a user-selected file via the Macintosh standard file interface. 

Summary of Product Data File 

Percentage of   Rueraqe Datlu Total Cumulatiue      flueraqe 
Time Coueraqe Couerage Outage 

Mammum 
Outage 

MaHimum 

Minimum 

Mean 

7.22 104.00 26.00 360.00 360.00 

0.00 0.00 0.00 167.00 60.00 

0.29 4.10 1.03 350.17 329.29 

Longitude Mesh Size (deg) Latitude Mesh Size (deg)        5 

|(    OK    ]] [ Saue Data" 

Figure 8-10. Graphical Coverage Summary Display 

8 % T OOK ANGLE COVERAGE 

Look Angle coverage is used to produce a tabular list of data that describe where and when a single ground 

station will be able to view a single satellite as it passes overhead. The listing includes readouts of time vs. 

azimuth, elevation, range, range rate information, shadow status, and signal attenuation. Calculations for 

the look angles solutions use an oblate earth, atmospheric refraction, aberration, and a Hopfield model for 

the tropospheric refraction effect on signal transmission through the Earth's atmosphere (Reference 12) that 

results in an equivalent propagation delay . 

8.3.1 PREPARATION MENUS 

In order to execute a look angles coverage run, three inputs must be selected. These include a single 

ground station, a single satellite ephemeris, and the up-link and down-link communication frequencies. At 

least one ephemeris file must first be selected and opened using the Ephemeris menu (see Section 9). 

The remaining data selections are performed using the preparatory sub-menus shown in Figure 8-11. 
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Select GS. 
Select Eph. File- 
Set Frequencies... 

Figure 8-11. GS Look Hngles Coverage Sub-Menu 

Select Ground Station for Look Angles Analysis 

Cataloged G.S. List =        4 
(Click to liieui or Select Item i 

Delete ]  [  Clear )  [ Sort ] 

SAUE 
File 

OK 3( Cancel 

UIEUJ of... 
G.S. Information and 

New Data Entry 

Name 

BLOSSOM POINT 

Latitude (deg) 

38.430 

Longitude (deg) 

-77.090 

Altitude (km) 

-0.025 

Eleuation Mask (deg) 

2.000 

Figure 8-12. Look Angles Ground Station Selection Dialog 

Select GS... 
This menu selection allows the user to choose the ground station that will be used for the look 

angles coverage run. It brings up the dialog shown in Figure 8-12. Note that this dialog is similar 

in many ways to the ground station interface described in Section 7.6; however, it is geared to a 

situation where a single ground station rather than a set must be identified. The ground station for 

look angle computations is selected from the Cataloged Ground Station List, which is maintained 

between executions of OATS. This is the same cataloged list used in the Plot menu as a source 

of ground stations for plotting. To select and activate the one required ground station from the list, 

click on the ground station name. The station information {Name, Latitude,Longitude, Altitude, 

and Elevation Mask) will appear in the VIEW information box. The cataloged list can be edited 

using the Clear button to erase all entries, the Delete button to delete a contiguous set of entries 

that the user has highlighted, or the Sort button to do an alphanumeric sort of the list elements. 

Entries can be added by manually typing data into each of five VIEW boxes and clicking the Add 

button. A new cataloged list can also be retrieved from a previously saved file of ground stations 

(see Section 7) using the OPEN File button. A mouse click here will bring up the standard 

Macintosh file interface, which can be used to locate and select a file of ground stations. 

Similarly, the SAVE File button can be used to save a copy of the list to a file.   Cancel will as 
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usual return the cataloged list and the active ground station to their status before the dialog was 

entered. 

Select Eph. File... 
This menu selection allows the user to choose the satellite ephemeris file to be used for look angle 

processing. It brings up the dialog shown in Figure 8-13. If no files appear in the list, no files are 

open and the user must visit the Ephemeris menu (see Section 9). To designate the file you 

want to use for a look angles run, highlight the file name with a mouse click and exit with OK. 

Alternatively, a double click on a file will select the file and close the dialog. 

Select Ephemeris for Look Hngles 

Ephemeris File List: 

USER_EPHEMERIS_FILE1 
USER_EPHEMERIS_FILE2 
USER_EPHEMERIS_FILE3 

O 

O 

Highlight File to Use, or Double Click 

GO Cancel 

Figure 8-13. Look Angles Ephemeris File Dialog 

Link Margin Settings 

H Link Margin On/Off 

Uplink Frequency (MHz): 

Doujnlink Frequency (MHz): 

8 

8 

CSD Cancel 

Figure 8-14. Link Margin Settings Dialog 

Set Frequencies... 

Figure 8-14 shows the menu which appears after this menu selection. It allows the user to choose 

the up-link and down-link frequencies (in megahertz) used to compute signal attenuation. A 

switch is also available to turn this computation on or off, which will shorten the computation time 
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and the printout format.  The mathematical formulation of the link margin computations can be 

found in Reference 13. 

Look Angles Run Parameters 

Start Time      Stop Time 

Vear(VVVV) 

Month (MM) 

Day (DD): 

Hour(HH): 
ID 

Minute (MM):   |2    | 

Sees, (ss.ss):     \5 

Ruaiiable File Time Span : 
01-01-1997,00:00:0.00 to   01-01-1997,01:32:0.00 

Step Size (seconds): 8 

H Hopfield Propagation Correction 
El Rtmospheric Refraction Correction 

B Show Only R0S / LOS Points 

[ Cancel 

Figure 8-15. Look Angles Dialog 

8.3.2 RUN GS LOOK ANGLES MENU 

When all parameters have been set, a look angles coverage run is initiated by selecting Run GS Look 

Angles from the Couerage menu shown in Figure 8-1. The Look Angles Run Parameters Dialog 

shown in Figure 8-15 will appear. The initial Start Time and Stop Time will be the minimum and 

maximum values found in the chosen ephemeris file. These may be modified, but the coverage interval 

must be within the bounds of the file. The full interval of this file is shown in the File Time Span field in 

case the user requires adjustments. If the Start Time or Stop Time is adjusted, be sure the new times still 

fall within the times in the selected ephemeris file. The step size will be used to set the computational 

interval. Again, there is no direct relationship between this interval and the interval used when creating the 

ephemeris file. Checkboxes exist in the dialog to allow the Hopfield Propagation Correction , Atmospheric 

Refraction Correction, and Only AOS/LOS Points options to be turned on or off. Cancel will return the 

user to the main menu, while OK will initiate calculation of look angle coverage. The Macintosh standard 

file interface will first appear to allow the user to select a file and directory for output of the computed look 

angles data. If selected under the System Parameter settings (see Section 5), a tabular window will be 

opened and an echo of the look angle computations will be shown on screen. A look angles coverage run 
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may be aborted by the user by pushing and holding the mouse button. Execution will stop, there will be an 

alert message, and whatever portion of the file of computed look angles data has been generated will be left 

intact. An example of the output file of look angles coverage data is shown in Section 11. 

8.4 COMPARISON 

One of the newest tools in the OATS system is the ability to run comparisons of graphical coverage files. 

This is in effect a limited special-purpose type of image processing. As seen from the Comparison 

menu in Figure 8-16, it is possible to perform the difference between graphical coverage files, the sum of 

multiple files, or the mean of multiple files. It is of course a necessity that the graphical coverage files be 

generated prior to exercising these options and that they be generated using the same size coordinate mesh. 

Difference 
Sum 
Mean 

Figure 8-16. Comparison Menu 

Product File Data Compression 

D Data Compression ON 

(L_0K_J      [ Cancel ] 

Figure 8-17. Comparison Compression Dialog 

Difference 
This menu selection allows the user to subtract one graphical coverage file from another. On 

activation, the user must first identify the Base file using the Macintosh standard file interface and 

then the Comparison file. The dialog in Figure 8-17 is then used to inquire if the user wants the 

output file to be in compressed format-accomplished with a simple checkbox switch. The 

standard file interface then appears to allow the user to select a destination file and directory for 

the product comparison file. The OATS progress display will show (if set under System 

Params) the progress to completion. When the output file is complete, it may be displayed 

using the Plot menu (see Section 7). The new file will show a graphical display of (Base- 

Comparison) file data. 

Sum 
This menu selection functions in an identical fashion to the Difference menu, except that it 

displays (Base+Comparison) file data. 

Mean 
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The largest difference between averaging files and simple sums or differences is that up to nine 

files may be averaged, rather than just a comparison of two. When the Base file identification is 

requested, the user should understand that this is the same as Average File #1. The user will then 

be asked to identify Average File #2. Data is processed to a temporary file. The program then 

enters into a loop using the dialog seen in Figure 8-18 to find out if additional files should be 

averaged into the final product graphical coverage file. When the user terminates the loop, the 

compression dialog and standard file interface dialogs again appear to define the output file. 

Ruerage in More Graphical 
Couerage Files? 

PIP      (     N0     ) 

Figure 8-18. Comparison Add-to-Average Dialog 

-  102 -- 



SECTION 9 - DATA MENU 

One of the cornerstones of operating OATS involves the use of files to supply time-dependent data-- 

specifically those files used to provide time dependent ephemeris and attitude data. The Data menu, 

shown in Figure 9-1 provides interfaces that allow the user to open files for plotting and coverage analysis 

activities, to inspect files prior to opening them for analysis, and to use the files to make spot checks of 

position and attitude based on the file data. 

BPi Ephemeris  ► 

Rttitude 
Figure 9-1. Data Menu 

Q 1 F.PHF.MF.RTS OPERATIONS 

Choosing the Ephemeris menu produces the sub-menu shown in Figure 9-2, which allows the user to 

Open Files, Inspect Files, or do a Position Check. Details of these three menu choices are 

described below. 

Ephemeris 

Open Files... 36E 
Position Check- 
Inspect Files...     3§l 

Figure 9-2. Ephemeris Menu 

Open Files... 

OATS operates with two lists of ephemeris files. This is reflected in Figure 9-3, which shows the 

dialog produced by selection of Open Files. The Cataloged Files list on the left is composed of 

files identified by the user which are of potential interest during this execution of OATS. The 

program retains knowledge of the location of these files for the duration of the current program 

execution, although none of them are formally opened. There is no specified limit to the number 

of files that can exist in this list. The other list of Files Selected to be Opened holds the "active 

files". These files are formally opened upon termination of this dialog via the Open button. This 

active list can contain up to 27 files, and is made available to the user at numerous dialogs 

throughout the Plot and Couerage menu systems. File location information for both lists is 

lost upon program termination. If the user temporarily switches out of OATS to some other 

program (e.g. Finder) and executes a command that affects the location of an identified file (e.g. 

move it to another directory), OATS will not notice there is a problem until you attempt to Open 
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the active files list. Likewise, files which do not have a valid ephemeris format can be 

manipulated and selected with this interface dialog without notice of the problem until an Open is 

attempted. 

Select and Open EPHEMERIS Files 

Ruailable Cataloged Files =      3 Files Selected To Be Opened =      0 

USER_EPHEMERIS_FILE1 
USER_EPHEMERIS_FILE2 
USER_EPHEMERIS_FILE3 

<> 

<> 

<> 

<> 

Select 

*► 
f   RLL   ' 
L Select^ 

HDD New Files   [Deletejf Clear J[ Sort OPEN           [Delete [ Clear ]( Sort j 

I   Single   ]| Selected Files 
(Exit) 

Multiple 
Cancel Causes No Change in Files that are Open 

Figure 9-3. Open Files Dialog 

Both lists in Figure 9-3 have their respective Clear button, which removes all files from that list. 

Both lists also have their respective Delete button which will delete any contiguous highlighted 

subset of the list with a mouse click. A Sort button is available to perform an alphanumeric sort of 

the files, a sort which does not affect the knowledge base of file locations. Cancel will exit the 

dialog and return both lists to their states prior to entry of the Open Files dialog. The Single 

button is the default control button for this dialog. Clicking New will bring up the Macintosh 

standard file interface, which permits the user to select a single file located in any directory. From 

the standard interface, clicking SELECT will add the highlighted file to both the cataloged and 

active lists. If it is known that multiple files should be opened, the Multiple button will access the 

standard file interface in a loop until Cancel is pressed. If a contiguous subset of files is 

highlighted in the cataloged list then the Select button will copy that file into the active list, but 

nothing is moved if files are not highlighted. The All button moves all cataloged files into the 

active list. As noted in Section 6, there is another way for files to be entered onto the active list- 

new ephemeris files generated by OATS are automatically entered onto the active list and opened. 
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Normal use of the Open Files dialog interface involves repetitive use of the Single, Multiple, 

Delete, Sort, Clear, and Select functions until the desired list of files is achieved in the active list, 

whereupon the Open button is used to exit the dialog. This act opens the Files and accesses the 

defining limits of the selected files, processes which are transparent to the user. Ephemeris files 

can be imported from other applications, used by OATS, and activated via this interface provided 

they adhere to certain formatting restrictions. File format is reviewed in Section 10.2. The user 

will note that files generated by OATS are processed more quickly through this interface because 

they have header data containing the file's limits. Open Files can also be selected by using the 

96-E command-key. 

Position Check... 
This option provides a calculation of satellite position accurately interpolated from the satellite 

ephemeris file. For any open ephemeris file, and within the temporal bounds of that file, the 

interface shown in Figure 9-4 provides a means of computing the satellite position with the flick of 

a single button. All open ephemeris files are displayed in the EPHEMERIS FILE LIST. Clicking 

on one of these files makes it Active, and displays the Time Span over which positions are 

available. The user enters a Time in the appropriate spaces in the upper right corner of the display, 

and presses SHOW Position. Latitude, Longitude, Altitude, und Hour Angle are computed and 

displayed in the box at the bottom of the display. This can be repeated as often as desired. EXIT 

terminates the computations and leaves the interface. 

Show Satellite Position from Ephemeris 

EPHEMERIS FILE LIST: 3 

USER_EPHEMERIS_FILE1 
USER_EPHEMERIS_FILE2 
USER_EPHEMERIS_FILE3 

O 

at Time: 

Vear(VVVV)   f"~ 

Click on NEW File to activate or on 
OLD file to reload ephemeris time 

flctiue File : USER_EPHEMERIS_FILE3 

Month (MM) | 2 | 

Day (DD) [2] 

Hour (HH)       I 2 I 

Minute (MM) |  2  | 

Sees, (ss.ss)    5 

Time Span : 03-01-1997, 00:00: 0.00 to   03-01-1997, 01:34: 0.00 

3 t SH0UJ Position 

EHIT 

Latitude (deg) 

Longitude (deg) 

Altitude (km) 

0.000 

217.408 

500.86 

Greenwich HR (deg)        174.13 

Figure 9-4. Position Check Interface 
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Inspect Files... 

The Inspect Files menu option is designed to allow the user to preview ephemeris file data 

prior to including it in the cataloged or active lists. Selection of Inspect Files from the menu 

or using the 36-1 command-key will bring up the dialog seen in Figure 9-5, but with all file 

descriptive fields empty. The SELECT File button activates the Macintosh standard file interface, 

which allows the user to select a file for preview from any directory. Any file thus selected will 

have its name displayed under File Name. If a file has been generated by OATS, it will possess 

header information that summarizes the file contents (see Section 10.2). All data fields shown in 

Figure 9-5 will then be displayed. If the file is not an OATS standard format file, then a warning 

will be generated and the only valid information will again be the File Name. After a file is 

selected, the View Orbital Elements button will display a dialog similar to those seen in Figures 6- 

3 through 6-8 that are used to display orbital element data. These interfaces will be in a VIEW- 

only mode, allowing no changes or further file interactions. The End button in the Inspect 

Files dialog returns the user to the main program menu. The Add to Active File List will add a 

file selected for preview to the active files list and open that file. Once added to the list, there is 

no way to preview the file's data short of returning to the Open Files dialog and deleting the file 

from the active list. This is due to the fact that only one part of the program may access a file at 

any given time in the OATS Macintosh environment. 

Inspect Ephemeris Files 

SELECT 
File 

File Name Iandsat5_ephem 

Dates Couered        1995 8 10        0 0 0.00     to 
1995 8 11 0 0  0.00 

Ephemeris Type    SGP4 (N0RflD,Cranford 1970) 

Time Step (sees) 30.00 

2881 

14-SEP-95        15:15:14 

Iandsat5_ephem 

Number Records 

Date Generated 

File Name at 
Creation 

HDD to 
flctiue 
File List 

UIEUJ 
Orbital 

Elements 

UIEUJ 
Data 

Sample 

P" 
End 

_ 

L J, 

Figure 9-5. Inspect Ephemeris Files Dialog 

Whether or not the file is OATS standard format, the View Data Sample button can be used to directly 

preview the data. OATS standard ephemeris file format employs ASCII character data so that the files can 

be viewed. View Data Sample activates the a Text Entry window (see Section 3) as shown in Figure 9-6, 

displaying the file data in a read-only setting. Note that all file data, including the header data, can be seen. 
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In-window controls include a grow box in the upper right title bar, the scroll bar controls along the bottom 

and right sides of the window, and a size box in the lower right corner. A pull down menu under Text Style 

provides limited control over text display, in that it allows 6, 9, or 12 point font to be selected for the 

display. Line numbers within the file and character numbers within a line can be viewed by locating the 

cursor and then clicking and holding the mouse key. Locations are displayed in the window title bar as 

long as the mouse is held. RETURN closes the text display window and returns to the interface shown in 

Figure 9-5. 

Te«t Style ▼ 

= Inspect Ephemeris Files ^^= 
Click and hold on a record       f       RETURN       I 
to vipw tins numbers                I                                 J 

I 

OATS SGP1995 8 0 0 0 0. 001995 811 0 0 0.00landsat5-jephem 14-SEP-9515 15:14        : <> 
OATS 1   14780U 6 4021 95253.90357202 0 .00000006    00000 -0     11093-4 0 3467 

OATS 2   14780    98.1028 308.0443 0003663 313.2279    46.8613   14.57164081 13114 

1995 8   10 0 0    0.00 -4524.634636 3086.395175 4482.328366 -2.873619 4.0982 

1995 8   10 0 0 30.00 -4608.286413 3207.954744 4308.972854 -2.702770 4.0049 

1995 8  10 n 1    0.00 -4686.777612 3326.642471 4131.251284 -2.529614 3.90681 

1995 8   10 0 1  30.00 -4760.041955 3442.316107 3949.343551 -2.354346 3.80391 

1995 8   10 n 2    0.00 -4828.019057 3554.836169 3763.433830 -2.177165 3.69651 

1995 8   10 0 2 30.00 -4890.654478 3664.066102 3573.710384 -1.998268 3.5846« 

1995 8   10 n 3    0.00 -4947.899765 3769.872455 3380.365377 -1.817857 3.46831 

1995 8   10 n 3 30.00 -4999.712497 3872.125037 3183.594677 -1.636132 3.3477 

1995 8   10 n 4    0.00 -5046.056310 3970.697086 2983.597650 -1.453297 3.2230 

1995 8   10 n 4 30.00 -5086.900926 4065.465422 2780.576963 -1.269553 3.0942 

1995 8   10 0 5    0.00 -5122.222171 4156.310604 2574.738369 -1.085106 2.9614^ 

1995 8   10 0 5 30.00 -5152.001982 4243.117081 2366.290499 -0.900159 2.8249« 

1995 8   10 n 6    0.00 -5176.228412 4325.773336 2155.444642 -0.714915 2.68483   
1995 8   10 0 6 30.00 -5194.895629 4404.172031 1942.414529 -0.529579 2.541r o 

*l.... 1* 

Figure 9-6. Inspect Ephemeris Files View Window 

9.7. ATTTTTJDE OPERATIONS 

Choosing the Attitude menu produces the sub-menu shown in Figure 9-2, which allows the user to 

Open Files, Inspect Files, or do a Pointing Check. Details of these three menu choices are 

described below. 

Open Files... 
Pointing Check.. 
Inspect Files... 

36 B 

36S 
Figure 9-7. Attitude Menu 

Open Files... 

This option for attitude files functions in almost the exact same manner as for ephemeris files as 

discussed in Section 9.1. The internal lists used to store file location data are different for attitude 

files. Although there could easily be a one-to-one correspondence between the user's attitude and 

ephemeris files, there is no direct connection of them that is maintained in the software. Any 

association is manually established by the user when setting attitude parameters for the swath or 
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FOV plotting functions (see Sections 7.1 or 7.4) or when setting tabular coverage constraints (see 

Section 8.1). 

Pointing Check... 
This option provides a calculation of satellite pointing accurately interpolated from the satellite 

attitude file. For any open attitude file, and within the temporal bounds of that file, the interface 

shown in Figure 9-8 provides a means of computing the satellite attitude in a fashion very 

analogous to that used for positions in the previous section. All open attitude files are displayed in 

the ATTITUDE FILE LIST. Clicking on one of these files makes it Active, and displays the Time 

Span over which attitude data are available. The user enters a Time in the appropriate spaces in 

the upper right corner of the display, and presses SHOW Attitude Angles. The angles computed 

depend on the format of the file (see Section 10 or Section 7.17). This process can be repeated as 

often as desired. EXIT terminates the computations and leaves the interface. 

Show Satellite Orientation from Attitude 

SL 

Vear(VVVV) 

Month (MM) 

Day (DD) 

Hour(HH) 

Click on NEU) File to actiuate or on Minute (MM) 
OLD file to reload ephemeris time Sees, (ss.ss) 

Hctiue File   SflMPLE_flTTITUDE_FILE 
Time Span   07-10-1994, 00:00: 0.00 to   07-10-1994,04:00:0.00 

ATTITUDE FILE LIST:                        1 

SAMPLE_ATTITUDE_FILE <> 

<> 

4 

~4~| 

Z] 
3 
5 

SH0UJ Attitude 
Angles 

EKIT 

Pitch 7.597 

Roll 1.363 

Vaui 0.409 

Figure 9-8. Pointing Check Interface 

Inspect Files... 

The Inspect Files menu option functions in a somewhat similar manner as for ephemeris files 

as discussed in Section 9.1. The difference is that the only capability available is the function that 

does a direct inspection of the attitude text file. There is no interface like that shown in Figure 9- 

5-rather the Macintosh standard file interface is opened directly so that an attitude file may be 

identified. An inspection dialog similar in appearance and function to Figure 9-6 is accessed. 
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SECTION 10 - FILE FORMATS 

This section provides a list and description of all of the files used by OATS the user may wish to directly 

interact with. A number of scratch files are used by the program; however, these are temporary and will 

never be seen except in the unusual circumstance that there is an abnormal end to program execution that 

prevents OATS from closing and deleting these files. Unless specifically stated otherwise, all files are 

ASCII format with sequential access. All can be created using OATS to write the file; however, they may 

also be created manually from a text editor or by another computer program. 

1 n 1 ORBITAL ELEMENTS 

■ Four different orbit propagation models are used in Version 5.0 of OATS; PPT2 (Brouwer-Lyddane), 

RUK12 (4& order Runge-Kutta numerical integration), J2 (first order J2 analytic), and SGP4 

K (USSPACECOM formulation of Brouwer solution with drag modeling). Each of the four models requires 

a different input vector file format, with a total of six possible types of input formats for OATS. The 

RUK12 and J2 input file formats are non-specific and can be defined by any program utilizing such orbital 

element sets; however, the PPT2 and SGP4 have very specific native formats which are used to store and 

transmit element sets. The PPT2 orbit model uses NAVSPASUR One-Line Element Sets (OLES) which 

come in three varieties: PME, Charlie, and Z formats. The SGP4 model uses Two-Line Element Sets 

(TLES). Any of these six types of orbital element input files may be created by the user with any text 

editing program, imported from an external source, or created by OATS using the Save buttons in the 

orbital element data entry dialogs (see Section 6.3.2). Figure 10-1 presents a tested functional example of 

each of the six types of orbital element files, and the following sections discuss the formats individually. 

10.1.1 CHARLIE OLES 

The Charlie format is valid at 0 hours Zulu. The OLES in Charlie format is 65 characters in length, with 

the specific native format and the parameters making up the NAVSPASUR Charlie format one-line 

element set as follows: 

IIIII.AAAAAAA.MMMMMMM.DDDDD.EEEEEEE.WWWWWWW.NNNNNNN.IIIIIIIYVMMDD 

where, 

IIIII = satellite SDC number 

AAAAAAA = mean anomaly, fraction of a revolution 

MMMMMMM = mean motion, radians/herg 
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DDDDD = decay, radians/herg/herg 

EEEEEEE = eccentricity 

WWWWWWW = argument of perigee, fraction of a revolution 

NNNNNNN = longitude of ascending node, fraction of a revolution 

IIIIIII = angle of inclination, fraction of a revolution 

YYMMDD = year / month / day 

10.1.2 ZOLES 

The Z format is also valid at 0 hours Zulu. The OLES in Z format is 69 characters in length, with the 

specific native format and the parameters making up the NAVSPASUR Z format one-line element set as 

follows: 

XXII IRMUÄAAAJUU^AAMMMMMMMMDDDDDEEEEEEEEWWWWWVWWNNNNNNNNI 1111111 YYMMDD 

where, 

IIIII = satellite SDC number 

RRRRR = revolution number 

AAAAAAAA = mean anomaly, fraction of a revolution 

MMMMMMMM = mean motion, radians/herg 

DDDDD = decay, radians/herg/herg 

WWWWWWWW = argument of perigee, fraction of a revolution 

NNNNNNNN = longitude of ascending node, fraction of a revolution 

IIIIIIII = angle of inclination, fraction of a revolution 

YYMMDD = year / month / day 

10.1.3 PMEOLES 

The epoch of the PME format one-line element set is more generalized than the other two OLES formats, 

because space is allocated to specify the epoch to the nearest ten minutes; however, only the last digit of the 

year can be specified. This makes the decade during which the OLES is valid ambiguous under some 

circumstances. The OLES in PME format is 69 characters in length, with the specific native format and 

the parameters making up the NAVSPASUR PME format one-line element set as follows: M 
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IIVIUmRRAAAAAAAAMMMMMMMMDDDDDEEEEEEEEWWWWWWWWNNNNNNNNIIIIIIIIYMMDDHHM 
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where, 

II = satellite SDC number 

V = version number 

RRRRR        = revolution number 

AAAAAAAA = mean anomaly, fraction of a revolution 

MMMMMMMM = mean motion, radians/herg 

DDDDD        = decay, radians/herg/herg 

EEEEEEEE = eccentricity 

WWWWWWWW = argument of perigee, fraction of a revolution 

NNNNNNNN = longitude of ascending node, fraction of a revolution 

IIIIIIII = angle of inclination, fraction of a revolution 

YMMDDHHM = year / month / day / hours / tens of minutes 

10.1.4 TLES 

The two-line element set contains two lines, each of which is 69 characters in length. The specific native 

format and parameters making up the USSPACECOM TLES format two-line element sets used in OATS 

are as follows. If a data field is not specifically called out in the explanation, then the TLES must match 

that field exactly as shown. Some of the data fields, e.g. international designator, are typically shorter than 

the maximal field size shown. Note that the satellite number is shown as an integer. The overwhelming 

majority of uses of this field do show it as a number; however, in some rare cases non-numeric fields have 

been seen in the literature. OATS is capable of treating this as an alphanumeric field, even though it is 

probably safest for users to continue to think of it and treat it as a number. 

1 nnnnnU YYLLL  A YYDDD.DDDDDDDD O.XXXXXXXX  ZZZZZ-J  GGGGG-K T  SSSS 

2 prmrm IH.IIII NNN.NNNN EEEEEEE WWW.WWWW AAA.AAAA MM.MMMMMMMM RRRRR 

where in the first line, 

TiTvnrm = satellite SDC number 

YY = year of launch 

LLL = launch number of the year 

AAA = international designator (piece of the launch for multi-payload launches) 

YY = last two digits of epoch year 

DDD. DDDDDDDD = epoch, as day and fractional part of day 

0. XXXXXXXX = first time derivative of the mean motion 
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zzzzz 

J 

GGGG6 

K 

T 

SSSS 

= second time derivative of the mean motion 

= exponent of second derivative of mean motion 

= drag coefficient for SGP4 theory 

= exponent of drag coefficient 

= ephemeris theory code; "0" is used for SGP4 

= origination code for TLES; this is set to "OATS' if generated by OATS 

and where in the second line, 

Tirmwn = satellite SDC number 

III. IIII = inclination (degrees) 

NNN. NNNN = right ascension of ascending node (degrees) 

EEEEEEE = eccentricity (decimal point implied such that O.eeeeeee) 

WWW. WWWW = argument of perigee (degrees) 

AAA. AAAA = mean anomaly (degrees) 

MM. MMMMMMMM = mean motion (revolutions per day) 

RRRRR = 5 digit revolution number (leading zeroes are shown for 4 digits or less) 

10.1.5 RUK12 INPUT FILES 

The RUK12 orbit model accepts an osculating, Cartesian state vector as input. Although the components 

of the input state vector for this type of orbital element set are well-defined, the orbital element set file does 

not have a fixed native format for those components. The input file format for the RUK12 orbit 

propagation model that is used in OATS is as follows: 

first data line : 

x 

y 

z 

second data line 

xdot 

ydot 

zdot 

third data line 

year 

month 

day 

: x position component in kilometers (real) 

: y position component in kilometers (real) 

: z position component in kilometers (real) 

: x velocity component in kilometers (real) 

; y velocity component in kilometers (real) 

: z velocity component in kilometers (real) 

: epoch year (real) 

: epoch month (real) 

: epoch day (real) 
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fourth data line 

hours = epoch hours (real) 

minutes = epoch minutes (real) 

seconds = epoch seconds (real) 

fifth data line 

frame flag= integer flag specifying ECI (0) or ECF (1) coordinates 

sixth data line 

step = step size in seconds for the numerical integrator (real) 

10.1.6 J2 INPUT FILES 

The J2 orbit model accepts mean Keplerian orbital elements as input. Although the components of the 

input state vector for this type of orbital element set are well-defined, the orbital element set file does not 

have a fixed native format for those components. The input file format for the J2 orbit propagation model 

that is used in OATS is as follows: 

first data line : 

a 

e 

i 

second data line 

£2 or a 

CD 

mort 

third data line 

year 

month 

day 

fourth data line 

hours 

minutes 

seconds 

: semi-major axis in kilometers (real) 

: eccentricity (real) 

: inclination in degrees (real) 

: argument of the ascending node in degrees (real); see fifth data line 

= argument of perigee in degrees (real) 

= anomaly in degrees (real); see fifth data line 

= epoch year (real) 

- epoch month (real) 

= epoch day (real) 

= epoch hours (real) 

= epoch minutes (real) 

= epoch seconds (real) 
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fifth data line 

frame flag= integer flag specifying ECI (0) or ECF (1) coordinates; if ECI, a is right 

ascension of ascending node; if ECF, Q. is longitude of ascending node 

anomaly flag  = integer flag specifying mean anomaly m (0) or true anomaly t (1) 

Charlie OLES 

86622.6320071.8394858.00083.0002540.5181203.1292462.2360780940210 

ZOLES 

866221791163200716839485800008300025406518120371292462623607802920210 

PME OLES 

710398676193982778632018000040194434201979435850855661761975120330000 

SGP4 TLES 

1 88888U 80275.98708465  .00073094  13844-3  66816-4 0     8 

2 88888  72.8435 115.9689 0086731  52.6988 110.5714 16.05824518   105 

RUK12 

2000.19700000000 -6226.44500000000       2912.33600000000 

2.63547270000000 3.55260630000000       5.88467380000000 

1991.0000000000000 11.0000000000000       10.0000000000000 

7.00000000000000 40.0000000000000       0.000000000000000 

0 

60.0000000000000 

J2 

6700.00000000000       2.000000000000000D-02 35.0000000000000 

0.000000000000000        50.0000000000000 5.00000000000000 

1993.0000000000000       11.0000000000000 1.00000000000000 

0.000000000000000       0.000000000000000 0.000000000000000 

1       1 

Figure 10-1. Sample Orbital Element Data Files 
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10.2 RPHRMERIS FILES 

Ephemeris files generated by OATS contain header data followed by a consecutive listing of satellite state 

vectors (position+velocity) separated by a constant time increment. The files are ASCII character format 

with a sequential organization. If a user wishes to use an OATS ephemeris file in another application, it is 

necessary only to use an editor to strip off the header lines. The header is not a constant length-it will be 

two or three lines depending upon the orbit propagator used to generate the file. Header lines are easily 

recognized because they begin with the character field "OATS". The header allows the OATS software to 

access the ephemeris data more quickly; however, it is not a requirement for the ephemeris file to have a 

header for OATS to access an ephemeris. Ephemeris files generated by external software can be utilized if 

it has a constant time increment between state vectors, and if it follows the record format described as 

follows. The ECF coordinate system is described in Section 6.2. Each record contains the following 

space-delimited fields: 

YYYY = Year (integer) 

MM = Month (integer) 

DD = Day (integer) 

hh = Hour (integer) 

mm = Minutes (integer) 

seconds = Seconds (real) 

x = ECF x-position component in kilometers (real) 

y = ECF y-position component in kilometers (real) 

z = ECF z-position component in kilometers (real) 

xdot = ECF x-velocity component in kilometers/second (real) 

ydot = ECF y-velocity component in kilometers/second (real) 

zdot = ECF z-velocity component in kilometers/second (real) 

10.3 TARGET FILES 

The target input file allows the user to import a list of target positions into OATS for coverage analysis and 

provides a means to access multiple lists of targets for different types of analysis. A target file may be 

created by the user with any text editing program, or may be compiled using the OATS target interface and 

saved to a file using the Save option (see Section 7.5). The files are ASCII character format with a 

sequential organization. Each record must contain the data fields as shown below, with data fields 

delimited by at least one blank character. Target names may be any 32-character alphanumeric string-they 

may be as simple as a number identification or may even be left blank provided the length is preserved in 
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the file. Target names are not required to process targets within OATS, because a unique target is defined 

by a combination of all four data fields. The user is cautioned, however, that the interface used to display 

targets employs standard Macintosh scrollable windows that use the title to show the existence of a data 

entry in the list. Targets with blank names can be processed, highlighted, and manipulated in such lists, but 

it is extremely awkward to differentiate between members of a list with blank name fields. Coverage 

analysis printouts may also be confusing. 

Name = target name, any 32-character alphanumeric string 

Latitude      = target geodetic latitude in degrees 

Longitude   = target longitude in degrees 

Altitude = target height above the ellipsoid in kilometers 

1 f) A r.ROT TND STATION FILES 

The ground station input file allows the user to import a list of ground station positions into OATS for 

coverage analysis and provides a means to access multiple lists of ground stations for different types of 

analysis. A ground station file may be created by the user with any text editing program, or may be 

compiled using the OATS ground station interface and saved to a file using the Save option (see Section 

7.6). The files are ASCII character format with a sequential organization. Each record must contain the 

data fields as shown below, with data fields delimited by at least one blank character. Ground station 

names may be any 32-character alphanumeric string-they may be as simple as a number identification or 

may even be left blank provided the length is preserved in the file. Ground station names are not required 

to process ground stations within OATS, because a unique ground station is defined by a combination of all 

five data fields. The user is cautioned, however, that the interface used to display ground stations employs 

standard Macintosh scrollable windows that use the title to show the existence of a data entry in the list. 

Ground stations with blank names can be processed, highlighted, and manipulated in such lists, but it is 

extremely awkward to differentiate between members of a list with blank name fields. Coverage analysis 

printouts may also be confusing. 

Name = ground station name, any 32-character alphanumeric string 

Latitude = ground station geodetic latitude in degrees 

Longitude = ground station longitude in degrees 

Altitude = ground station height above the ellipsoid in kilometers 

Elevation Mask = ground station elevation mask in degrees above horizon 
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10.5 MAP FILES 

OATS contains two internal map data bases which are adequate for the majority of map plotting functions 

for which OATS is expected to be utilized; however, OATS also provides the user the option of supplying 

his own map file for special mapping projects. A user's external map file should be in sequential ASCII 

format, and should be organized as a set of ordered data points that define geographic outlines in a 

"connect-the-dots" fashion. Record format is as defined below, with each data field being delimited by one 

blank character. Maps are plotted with the assumption that the basic global background is an ocean globe 

upon which other areas with defined outlines are added. These added areas may be presented as merely 

outlines, or plotted as solid areas (see Section 7.3) to simulate a photographic world map. In order to 

achieve a "world view" map, the added areas must be classified as land masses (continents or islands) and 

water masses contained wholly within land masses (lakes). The record format provides a flag for 

discriminating between the two area types. Such outline areas would most commonly be provided for 

continental boundaries, large bodies of water, and major islands; however, the format does not preclude use 

of a map file with geo-political outlines. The use of visible vs. invisible outlines allows solid areas to be 

plotted side-by-side without showing boundaries in an outline map (see Section 7.3). Latitude is expressed 

in radians from -n to Jt and longitude is expressed in radians from 0 to 2n. A negative longitude value is 

used as a flag to signify the start of a new plot area. 

Latitude = geodetic latitude in radians 

Longitude = geodetic longitude in radians (negative value is a flag; see above) 

Area Type Flag = a 1-character flag showing the area type 

"G" = ground area, with visible outlines 

"L" = lake area, with visible outlines 

"g" = ground area, with invisible outlines 

"1" = lake area, with invisible outlines 

10.6 CONTOUR LEVEL FILES 

These files are used to store levels for either the line contouring function or for the density contouring 

function. It is strongly recommended to use the OATS density interface to enter levels and colors and then 

do a Save to create a levels file (see Section 7.8); however, it is possible for experienced Macintosh users to 

create their own levels file externally. Files are very simple in format. They have a sequential ASCII 

format, and allow only one contour level per record. Levels are usually real number type data. They 

should be stored as character data, should not be negative, and should be sorted in ascending order by level 

value.   Three integer numbers follow the contour level to record the colors used for density contours; 
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otherwise, all color values will be read from the file as zero valued which will result in all black density 

contours. Color level integers should lie between 0 and 65,535. Level and color numbers should be 

delimited in each record by at least one blank character. 

10.7 CONTOUR FILES 

The OATS graphical coverage functions (see Section 8.2) create a tabular file of data which is then used to 

plot coverage isochrones or a color-coded density map of satellite coverage. This contour file, is often 

written in compresed form to save storage space; however, it can also be saved in expanded character 

format for transport to other analytical programs or direct inspection by the user. If saved in expanded 

form, the file will be in sequential ASCII format and will consist of one line of header data followed by a 

number of data records dependent on the mesh size used by OATS to perform the graphical coverage run. 

The header record will have a character recognition string for OATS internal usage followed by two 

integers, K and L. These integers identify the number of latitude and longitude grid points in the coverage 

computation mesh. If N is the user selected grid spacing in degrees of latitude, then the number of grid 

elements on each meridian is (L+l) and: 

L  =   180   /  N 

Likewise, if M is the grid spacing in degrees of longitude, then the number of grid elements on each 

parallel is computed: 

K  =   360   /  M 

The remainder of the file beyond the header is made up of the K*(L+1) data records representing the grid 

points. The grid points can be mapped back to the latitude/longitude grid via the following algorithm: 

For the p& record in the file (after the header record): 

latitude    = i  *  180   /  L -  90 (in degrees) 

longitude  =   (j-   1)   *  360   / K (in degrees) 

where 

i   =   INTEGER((p-l)/K) 

j   =  p-(i*k). 

and the INTEGER function converts a real number to an integer value with truncation. 
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Each individual coverage record will consist of five values representing the coverage level at its point in the 

mesh. In left-to-right order these data are: 

• Cumulative coverage as a percentage of time 

• Cumulative coverage as an average daily coverage (in minutes) 

• Cumulative coverage as a total daily coverage value (in minutes) 

• Average cover outage (minutes per day) 

• Maximum cover outage (minutes per day) 

OATS contouring functions can also be used to plot data created by an external program, and which is not 

necessarily related to satellite coverage. An artificial contour file can be created as an input to OATS for 

this process. In this case, the header record in the data file to be contoured should consist of only the 

integers K and L as defined above. This type of header will not have the OATS recognition character 

string, which identifies for OATS that the file is externally created. The remaining K*(L+1) records to be 

contoured in the file should contain only one data value in ASCII character format. It is suggested that 

records can be created by the external software using the following pseudo code: 

Do for longitudes j = 1,2, ...,(L+1) 

Do for latitudes i = 1,2, —,K 

write contour value for latitude j and longitude i 

End Do 

End Do 

10.8  ATTITUDE FILES 

Attitude files are one of the newest additions to OATS. The program menu trees for Plot and 

Couerage (see Sections 7 and 8) frequently make it possible to define a spacecraft orientation through 

the use of attitude files. Although there is typically some association of ephemeris file to attitude file, it is 

not a requirement of the program that there be any pre-assignment. It is necessary that the time intervals 

overlap, but the interval between records need not be the same and the start and stop times do not need to 

be identical. All data is presumed to be stored in ASCII character format. 

Attitude files have two header records, followed by n time-tagged attitude records. The first header record 

contains an integer mission number. The format is non-critical, and can be followed by a delimiting blank 

space and any user-defined data of interest. The second header record contains an integer flag (format 

again non-critical) identifying the type of data contained in the file. Appendix A elaborates further on this 
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issue. The file types indicated by the flag are: 1 = pitch/roll/yaw data, 2 = right ascension/declination, and 

3 = perifocal XA7Z. Each subsequent record contains the following space-delimited data fields: 

time record     = bDD-MMM-YYYYbHH:MM:SS.SS 

anglel = floating point 

angle2 = floating point 

angle3 = floating point 

The very exact format of the time record is intentional and historical in nature-it matches the format of 

attitude files supplied to the authors of the software and used in their analyses. The various sub-fields in 

the time record imply, day, month (e.g. SEP for September), year, hours, minutes, and decimal seconds. 

The "b" stands for a blank space. The specific definition of the angle data depends on the file type. If file 

type 1, angle data is pitch, roll, and yaw in degrees. If file type 2, angle data is right ascension and 

declination in degrees with angle 3 undefined and unnecessary. If file type 3, angle data is unitless vector 

components in the perifocal coordinate system. The convention for ordering the unit vector components is 

perigee direction, orbit normal direction, then orbit normal cross perigee dorection. 
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SECTION 11 - OATS FAST-START: SAMPLE PROBLEMS 

OATS is an analytical environment. It is also very much a Macintosh-style program in that there is no 

straight-through "in one end and out the other" linear processing of data. The order and fashion in which 

the menus and processes are exercised are limited primarily by the user's requirements and imagination. 

Because of the wide-ranging scope of OATS and because of its non-linear nature, it is not possible to 

present a comprehensive set of examples of all procedures and outputs of which OATS is capable. This 

section, however, will attempt to show a few practical, typical examples of the use of OATS and the results 

that should be expected. The examples are presented as a sample introductory session that is written for the 

beginning user to follow along and to use to duplicate known results. In the course of this training exercise 

the user can gain some familiarity with basic functions. Not all important capabilities are presented. 

Through the discussion of these introductory examples, most menu selections will involve sub-menu 

choices. As a shorthand representation, these menu selections will be shown: 

Menu/Sub_Menu_Leuel1/Sub_Menu_Leuel2 

11.1 SETTING THE ENVIRONMENT 

After opening the OATS program from the Macintosh window, the OATS Graphics Window should appear 

as the only open program window. It is now referred to as the active window. Although the environment 

settings used in the distribution version of OATS should be functional as initial values for all users, most 

users will want to maximize the Graphics Window. Using the menu selection of WindOlv/GraphiCS 

Options/Graph Setup will bring up the dialog shown in Figure 5-12. Since it is recommended that 

OATS be used with a square window, the user should choose the equal values of width andheight that you 

think will still fit on the screen. Characteristically good values are a few hundred pixels~a few thousand 

pixels is probably pushing the limit. Verify that Pages settings are 1 by 1. Push the Apply button to make 

the new window sizes active. If you are confident that you want to keep the new values, push Save. 

Otherwise, the new values will be active only during this execution of OATS. Exit the dialog with OK. A 

drag box appears in the lower right hand corner of the Graphics Window. The user should use the cursor to 

click-and-grab the window corner and stretch it to its maximum height and width. If you guessed too large 

on the window size, the scroll bars at the bottom and left of the window will be active. Although there is 

nothing wrong with such a set-up, it is recommended that the initial user should repeat the window sizing 

process until a size is achieved that is square, fills most of the screen, and leaves the scroll bars inactive. 

The screen should appear as shown in Figure 4-4. 
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11.?. CREATING AN EPHF.MF.RIS FILE 

Since OATS is an ephemeris-driven program, the first order of business is usually to construct an 

ephemeris file. Making the menu selection ofPropagate/Select Model/J2 will bring up the 

dialog shown in Figure 6-6. All data fields should be set to zero, except for the epoch. Note that 1970 is 

the zero-point in the time scale used by OATS routines. Pushing the File button will bring up the standard 

Macintosh file interface, which can be used to locate and select (highlight) the file called 

J2_ORBITAL_ELEMENTS which has been provided with the OATS program as a sample orbital elements 

file. Selecting OPEN from this standard dialog will return the user to the J2 propagator dialog, which 

should appear with all orbital elements set as shown in Figure 11-1. 

1       INPUT      1 J2 Propagator Orbital Element Set 

1 

Semi-major a»is 

Eccentricity 

Inclination (deg) 

flrg. Rscending Nc 

Perigee (deg) 

Rnomaly (deg) 

Reference Frame        Rnomalu Time 
<S)ECI                           ®Mean 
OECF                           OTrue 

Irbital Elements                                              Epoch 

(km) 

ide (deg) 

6850.00000000 Vear(VYVV)   | 1996 | 

0.0015000000 Month (MM) [l0 | 

37.500000 Day (DD)         | 23 | 

Hour(HH)       | 11 | 21.000000 

73.000000 Minute (MM) | 37 | 

1.900000 Sees, (ss.ss)  158.00 

1      OK      || [  Cancel        [   File...    J Saue    j     Saue Rs...J 

Figure 11-1. Example Orbital Elements Dialog with Elements in Place 

Specify by 

Set Ephemeris Internal 

O Start and Stop Times 
® Start Time and Number of Reuolutions 

Start Time      Stoo Time 

Vear(VVVY) 

Month (MM) 

Day (DD): 

Hour(HH): 

1996 1996 

[To] 
[23] 

Minutes (MM):   | 57 | 

[To] Number of Reuolutions 

1.000 

Step Size (seconds) 

30.000 

Seconds (ss.ss): 58.00 0.18 

OK Cancel 
Show 

. Conuersion J 

Figure 11-2. Example Ephemeris Interval Dialog with Selections in Place 
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Pushing the OK button will bring up the dialog shown in Figure 6-13, which is used to set the ephemeris 

interval. The Start Time will already be set to the Epoch used in the orbital elements. Selecting the radio 

button Start Time & Number of Revolutions will make the Number of Revolutions active. This parameter 

should be set to 1.0 for this example. Step Size should be set to 30.0 seconds, and the user should also push 

Show Conversion to verify the Stop Time. The result should show an interval running from 10-23-1996 at 

11*13711153 OQS t0 10-23-1996 at 13h12m0.18s- Figure 11-2 shows the expected appearance of the interval 

dialog after the conversion button has been clicked. Selecting OK will return the user to the main menu. 

At this point, all preparations to generate an ephemeris have been completed. 

Select Propagator/Run Propagator to initiate ephemeris generation. The Macintosh standard file 

interface will appear to allow the user to select a location and name for the New Ephemeris File. For this 

example call the file J2_USER_EPHEMERIS and select the same directory as the OATS executable. 

Select SAVE to begin the file generation. A progress display graphic will be presented showing the file 

name, a tabular value of percentage of file completed, and a fill-bar graphic showing progress toward 

completion. When file generation is completed, the graphic will disappear, you will briefly see a note 

implying that file is being placed in the active files list, and then the program will return to the main menu. 

The ephemeris file which is generated will appear as in Figure 11-3. Note that the middle portion of the 

file has been deleted for brevity. 

OATS KOT936103113758.00193S1031312 Q.W2JB3KSWBGS 23-CCT-9611:03:42     30. 

CATS 0 0193610 3113758.00 0.68522200022000&O*   0.0015020000000 

QST5    37.5002022300003 21.0000000000000 73.0000000000000    1.9000000000000 

19B510 23 1137 58.00   -2338.932511   -9237.930536    4020.103461 6.817055 

193510 31138 28.00   -3283.051770   -5339.603430    4054.255524 

133610 31138 58.00 -1875.101598 -5156.433082 4033.838323 

193610 31139 3.00 -16E5.31759 -5328.403521 4103.83260 

193610 31139 58.00 -1453.8157© -5255.479633 4129.182657 

193610 3 1140 3.03 -1240.918776 -5297.626519 4144.893557 

6.883517 

6.954367 

7.013339 

7.06675 

7.10365 

-2.131185 

-1.97243 

-1.811759 

-1.649342 

-1.485324 

-1.319359 

183 

1.211314 

1.082103 

0.9071333 

0.754276 

0.632226 

0.445066 

193610 313 9 58.00 -4833.154934 -3135.288305 3856.232857 4.841171 -5.036518 1.753604 

193610 31310 3.00 -4551.444821 -336.900622 3805.703553 4.991383 -4.938582 1.63325 

193610 3 13 10 58.00 -893.300835 -3435.435846 3352.93193 5.136421 -4.835593 1.451034 

193610 313113.00 -4242.879632 -3590.926832 3334.592385 5.276185 -4.787761 1.312193 

193610 313 1158.00 -4082.342777 -373.&19214 4EB1.786795 5.410527 -4.675167 1.161884 

Figure 11-3. Example Generated Ephemeris File 
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11.3 PLOTTING AN EARTH MAP 

Before plotting a map to use as a background for a plot of satellite orbit characteristics, parameters defining 

the map should be set in three interface dialogs. The first defines the map projection and is shown in 

Figure 7-42. The map projection is the mathematical model that translates a three-dimensional globe onto a 

two-dimensional screen and defines the overall appearance of the map. The projections dialog is entered 

with the menu selection of Plot/Map/Projections. For this example, set the radio button for a 

Rectangular plot and the limits such that: 

Min. Lat.   =   -90 Max. Lat.   =   90 

Min. Long.  =  -180 Max. Long.  =  180 

Exit from this dialog with an OK, and choose Plot/Map/General Options to open the dialog shown 

in Figure 7-44. The options displayed in this dialog allow the user to select a variety of large-scope options 

defining the map appearance. For this example, the options are set as shown in Figure 11-4. The last 

dialog that should be visited is shown in Figure 7-45, and comes from choice of the Plot/Map/Label 

Options command. It is sufficient to note for now that the options to draw and label the latitude/longitude 

coordinate grid should be turned on. Upon exiting the this last dialog with an OK, the user is returned to 

the main menu. The map is plotted by selecting the menu command Plot/Map/Plot Map. The 

resulting map is shown in Figure 11-5. Note that this drawing is composed of 5 layers, and that if desired 

you can see the stacking of layers by opening the Graphics Tools Window. 

Set Map Options 

Map Appearance : 
O Ulorld-Uiew Map 
(§) Continental Outline 
O World-Uiew + Outline 

Map Source : 
O High Resolution, OHTS Source 
<•> Low Resolution, ORTS Source 
O User-Supplied Map File 

Map Margins (pi«els):  

Horizontal 25 

Uertical 25 

I Outline Border for Map 

OD Cancel 

Figure 11-4. Example Map Plot General Options Dialog 
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Figure 11-5. Example Map Plot 

11 d PT (TTTTNC; GROUND STATIONS 

Since satellite coverage is often linked to the existence of a ground station, the next step in this quick start 

exercise is to plot ground stations on the map. OATS is supplied with a short list of sample ground stations 

in the file SAMPLE_GS_FILE. These can be accessed with the menu selection of Plot/Ground 

Station Position/Options, which brings up the interactive interface shown in Figure 7-19. There is 

a great deal of depth to this dialog, and the user is referred to Section 7.6 for details. For this introductory 

exercise, two ground stations will be plotted. Open File brings up the standard Macintosh file interface. 

Locate the SAMPLE_GS_FILE, highlight it, and press Open. This returns you to the OATS dialog, with 

the list of ground stations in the Cataloged G.S. List. Use the Sort button to sort the acquired list. Highlight 

"Maui", click on Select, and note that Maui is copied to the Active G.S. List. Repeat this process for the 

Aerecebo station. The dialog should appear as shown in Figure 11-6. Select OK to exit from the dialog to 

the main menu. Visit the Plot/Ground Station Position/Icon Options dialog (Figure 7-22) in 

order to verify that the Icon Plot Size is 12 and the Plot GS Names and Erase Name Background flags are 

turned on. At this point, use the menu selection of Plot/Ground Station Position/Plot to 

produce a plot of the Maui and Aerecebo ground stations on the original map. The result will appear as in 

Figure 11-8. 
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Ground Station Interface : Add / Select / Uiew 

T 
Cataloged G.S. List = 
(Click to Uiew Item) 

flctiue G.S. List = 
(Click to Uiew Item) 

RRECEBO 
BLOSSOM POINT 
MRLRBRR 
MRUI 
THULE 

O 

Select 

ALL 
Select 

MRUI 
RRECEBO 

O 
[ Delete )  (  Clear ]  [ Sort) 

SRUE 
File 

Delete ]  [ Clear )   (Sort) 

OPEN 
File 

OK 
) 

Cancel 

Rdd 

UIEUJ of... 
G.S. Information and 

New Data Entry 

Name 

RRECEBO 

Latitude (deg) 

19.100 

Longitude (deg) 

-71.500 

Rltitude (km) 

0.000 

Eleuation Mask (deg) 

0.000 

Figure 11-6. Example Ground Station Position Dialog with Two Active Stations 

-180  -150  -120   -90    -60     -30       0        30       60       90      120     150     180 

Figure 11-7. Example Map Plot with Ground Stations 

11.5 PLOTTING SATELLITE TRACK 

OATS provides options for plotting satellite position, FOV, track, and swath. These procedures are 

generally similar, so only a satellite track will be plotted in this example. Selecting thePlot/Satellite 

Tracks/Opt ions from the OATS menu system will bring up the dialog for tracks shown in Figure 7-6. 

Only one file will appear in the Ephemeris File List, the J2_USER_EPHEMERIS file which was created in 
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Section 11.2. The track interval will be taken from this file, with a Start Time of 10-23-1996 at 

llh37m58.00s and a Stop Time of 10-23-1996 at 13h12m0.00s- Since the Map Type projection is 

Rectangular, all controls for the Space Track will be inactive. Exiting this dialog with an OK will return 

the user to the main menu. Verify that the Plot/Satellite Tracks/Line Definition dialog 

indicates solid lines. The Plot/Satellite Tracks/Time Tags selection provides a number of 

options for placing time tags on a satellite track. An appropriate set of options for this introductory 

problem is shown in Figure 11-8. At this point, use the menu selection of Plot/Satellite 

Tracks/Plot to add a plot of the satellite ground track to the map. The result will appear as in Figure 

11-9. 

300.0 

Satellite Track Time Tags 

H Tick Marks Along Track 
Tick Size (pixels) 

Internal (seconds) 

B Label Tick Marks 

[let FONT/COLOR for Labels') 

Label Time Tupe Label Skip Factor 

O Ephemeris Time 
® Elapsed Time ME m 

Tag Label Format 
OHH:MM:SS      O Seconds 
OHH:MM ® Minutes 
O MM:SS O Hours 

GO Cancel 

Figure 11-8. Time Tag Selections for Satellite Track 

-"180  -150  -120   -90    -60     -30       0        30       60       90      120 

Figure 11-9. Example Map Plot with Satellite Track 

150     180 
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11.6 COMPUTING TABULAR COVERAGE 

The tabular coverage function computes satellite coverage for a system of satellites with known antenna 

and attitude parameters against a set of ground targets, with ground station visibility used as an optional 

coverage constraint. In this example, the single ephemeris file and the two ground stations already selected 

will be used. Tabular coverage results are saved as an output file and are presented to the user in the 

Normal Text Window. In order to view the data as it is generated, check that Tabular Coverage 

Computations is selected in the menu selection /System Params. 

Before executing the command to compute tabular coverage results, it is necessary to visit three dialogs and 

set required parameters. The menu selection of Couerage/TabUlaxlEdit Ground Stations will 

bring up the same dialog viewed when plotting ground stations (see Section 11.4). Since the Maui and 

Aerecebo stations have already been selected as part of a previous exercise, no further action is required 

here. Use the Couerage/Tablllar/Edit Targets menu selection to bring up the dialog shown in 

Figure 7-16. The form and function is very similar to that for the ground station dialog. OATS is supplied 

with a short list of three sample targets in the file SAMPLE_TARGET_FILE. Open File brings up the 

standard Macintosh file interface. Locate the file, highlight it, and press Open. This returns you to the 

OATS dialog, with the list of targets in the Cataloged Target List. Click on Select All and note that all 

three targets are copied to the Active Target List. Select OK to exit from the dialog to the main menu. 

The Couerage/TabUlar/Set Constraints menu selection will bring up the dialog shown in 

Figure 8-3. This dialog allows the user to assign four sets of viewing constraints to each ephemeris file in 

the active list, including antenna, attitude, ground station, and target constraints. In this example there is 

only one satellite and, therefore, only one ephemeris file and one set of constraints. For this example, push 

GROUND STATION Constraints to show the dialog described in Figure 8-4. Set the constraint ON, move 

ALL stations into the validated list, and select for ANY visible station. These settings specify that the 

satellite must be simultaneously in view of a target and any ground station in order to satisfy the conditions 

for coverage. For ANTENNA Parameters, select a Cone half-angle antenna pattern using a Primary Angle 

of 75 degrees. 

Now that the initial parameters are set, use the menu selection of Couerage/Run Tabular to initiate a 

tabular coverage run. The dialog shown in Figure 8-6 will appear. The Start Time and Stop Time for the 

J2_USER_EPHEMERIS will already be entered into the dialog. Set the Step Size at 30 seconds and mark 

both checkboxes to Print Up/Down Times and to implement Atmospheric Refraction Correction. Select 

OK to start the tabular coverage computation run. The Macintosh standard interface will appear, asking for 

a name for the Tabular Output File of coverage data.  Enter USER_TABULAR_FILE and click on the 
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Save button. The results seen in Figure 11-10 will appear in the Tabular Window and in the user- 

designated file. 

All parameters involved in the tabular coverage run will be repeated in the header data. In this example, 

TARGET1 shows zero coverage because it lies outside the area viewed by the satellite. TARGET3 also 

shows zero coverage even though it is within the area seen by the satellite, because no ground station is 

within view. TARGET2 is covered by the example satellite, and shows single rise (UP) and set (DOWN) 

times for the pass in the J2_USER_EPHEMERIS file. All coverage values are represented by 

abbreviations, where: 

For coverage time, the interval between AOS and LOS: 

NCOV - Number of intervals covered (in view) 

COVMIN - Coverage time minimum in any pass (in minutes) 

COVMAX - Coverage time maximum in any pass (in minutes) 

COVAVG - Coverage time average of all passes (in minutes) 

COVSTD - Coverage time standard deviation for all passes (in minutes) 

COVTOT - Coverage time total of all passes (in minutes) 

AVGCOV - Average daily coverage time for ephemeris interval (minutes per day) 

PCTCOV - Percent of time covered 

For outage time, the interval between LOS and AOS: 

NOUT - Number of intervals not covered (out of view) 

OUTMIN - Outage time minimum (in minutes) 

OUTMAX - Outage time maximum (in minutes) 

OUTAVG - Outage time average (in minutes) 

OUTSTD - Standard deviation in outage time (in minutes) 

OUTTOT - Outage time total (in minutes) 

AVGOUT - Average daily outage time for ephemeris interval (minutes per day) 

For revisit time, the interval between one AOS to the next AOS: 

NREV - Number of times revisited 

REVMIN - Revisit time minimum (in minutes) 

REVMAX - Revisit time maximum (in minutes) 

REVAVG - Revisit time average (in minutes) 

REVSTD - Standard deviation in revisit time (in minutes) 

REVTOT - Revisit time total (in minutes) 
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CEFM SATEUIIE CCVBWE CCmnÄTJEN 

Stert Tine (Y^,D,M,SBC):   1336 MB 1137 58.0 

Step Tire (Y,M,D,h,m,SK):   139610 23 B 12 0.0 

Tine Ircrermt:       30.000000 ssartfe 

CaTrutntianl Gptians -    FHnt lb/Owl Tines: YB     AtnESpheric Refnxticn: YES 

Tolerore fir ip/ctwi tine bisection algrittm: 0.012000 seanfe 

ACTIVE CflCUD STATHXs) :     2 STATI06 

lARECTO LAT.UXaEg) 19.100-71.503 ALHT(kii)    0.000 MN.ELBKosg)     0.000 

2HWJI LAT,LCN(*g) 20.TO203.7G0 ALTIT(kn)    3.083 MN.Bß<cfeg)     0.033 

SATELLITE BWB35 FILES :     1FILES 

i j2jJESiweea5 

GS Constraint: YES dstennirad by AW of gnuri stations:   1 2 

Anxilus FOV:    fO 

Sat. Sensor Rittern: COE AN1E 75.00000 cfeg 

Attit^ Constraint: N3 

TARGET COVERAGE Emed on Visibility of AT LEAST 1 Satellite 

TARGET SU+WV: 3 TARGETS 

LATCdeg) LOGCcteg) ALT(kn) tore 

1 35.00 0.00 0.00 TARGET! 

2 20.80 271.10 0.00 TARGEI2 

3 -14.83        142.30        0.50   TARH3 

TARGET ND.    1   N*£: TARGET1 

FASS STATISnCS (MINJES) 

IP am 

LAT:    35.03    LCN:     0.00   ALT:     0.001*1 

COVERAGE   OUTAGE RBflSTJ 

COVERAGE STATISTICS (MNJTES): 

HDJ:            0   HXK:            0   MB/: 0 

QJ^.    OUMN:     RBMIN: 

Figure 11-10. Example Tabular Coverage Output (1 of 2) 
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dV*X:  - ****•• CUTMW:   •'* HJMW:   " """ 

CO/AWi: 0.00 OUT««: 0.03 RB/Ato        0.03 

CCVSTD: 0.03OJTSTD: 0.03 RB/STD:        0.03 

covrar: 0.03CLinor: 0.00 PCTCCV:        0.00 

AtfUV: 0.03 AWEUT: 0.00 MINUTES/DAY 

T<«RCHND. 2    N*£:T/«H2 LAT:    20.83   LCN:   271.10   ALT:     0.00 KM 

ROSS STATBOCS (MINUTES) 

IP aw CCVBWE OJTACE PB/EU 

193610 23114415.0 199610 31148 7.0      3.9 6.3        0.0 

CD/WOE STATISTICS (MINJTES) 

N3V: 1   NU: 1   N©/:            0 

COMN: 3.87 0JTMIN: 6.28RBMTN:     

CCXMBX: 3.87CU1M«: 6.28 REvM«:     

CO/AWi: 3.87 0JTAVG: 6.28 RB/AW;:        0.00 

CCVSTD: 0.00OJTSTD: 0.00 RB/STD:        0.03 

CD/TOT: 3.87ajnüT: 6.28 PCTCCV:         4.11 

A«m/: 59.22 AWDJT: 96.21 MTNjrES/CAY 

TWETM). 3   N*E: T/WET3 LAT:   -14.80    LCN:   142.30   ALT:     0.50 KM 

PASS STATISTICS (MINJTES) 

IP am CCVBWE ojTACE RB/rsrr 

CCVBWE STATETICS (MTNJTES) 

MD/: 0   NUT: 0    N3B/:             0 

(jy^.    CUIMTN:     FBMN:     

gj^^.    cUiMax;     p&WX:     

CCVAVG: 0.00OJTAVG: 0.00 RB/AVG:         0.03 

CCVSTD: 0.00OJTSTD: 0.03 RB/STD:        0.00 

CD/TOT: 0.03CUTTOT: 0.00 PCTCCV:        0.00 

AV3CCV: 0.00AVOUT: 0.03MTNJTES/D5Y 

Figure 11-10. Example Tabular Coverage Output (2 of 2) 
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11 7 TREATING A GRAPHICAL COVERAGE FILE 

The graphical coverage function computes world wide coverage on a global grid for a system of satellites 

and ground stations. Satellites may operate out of view of the ground stations or they may be constrained 

to operate only while in view of a ground station. Graphical coverage analysis is done using a computed 

coverage file as an intermediary. In order to create this file, it is necessary to visit three setup dialogs and 

set required parameters. The menu selection of Couerage/Graphical/Edit Ground Stations 

will bring up the same dialog viewed when plotting ground stations (see Section 11.4) and when computing 

tabular coverage. Likewise, the menu selection of Couerage/Graphical/Set Constraints will 

bring up the same dialog viewed when selecting the antenna and ground station constraints under the 

computing tabular coverage function. The principal difference is that target constraints are not 

implemented in graphical coverage analysis and their control button is deactivated. Since the remaining 

parameters were already set in the last example, no further action is required. The third setup dialog is 

shown in Figure 8-8, and is accessed with the Couerage/Graphical/Edit Mesh menu selection. 

The default mesh size of 5 degrees square will be adequate for this example, so OK can be clicked to exit 

the dialog. The final suggested preparatory step is to visit the /System Params and verify that the 

Show Summary Data is checked. 

Summary of Product Data File 

Percentage of   Hueraqe Dailu Total Cumulatiue      Hueraqe 
Time Coueraqe Couerage Outage 

MaKimum 
Outage 

Mawimum 

Minimum 

Mean 

11.70 168.45 11.00 94.50 94.50 

0.00 0.00 0.00 83.50 6.50 

0.61 8.81 0.58 93.92 89.16 

Longitude Mesh Size (deg) Latitude Mesh Size (deg) 

GO [ Saue Data  ] 

Figure 11-11. Example Graphical Coverage Summary Data 

The Couerage/Run Graphical menu selection will initiate computation of the graphical coverage 

file by bringing up the dialog shown in Figure 8-9. Start Time and Stop Time should already be set from 

the J2_USER_EPHEMERIS and Step Size was set in a previous dialog. After verifying that the Data 

Compression flag has been checked to keep the coverage file to a minimal size, the OK button should be 

clicked. The Macintosh standard file interface will appear, allowing the user to select a location and name 

for the New Coverage Data File. For this example, call the file USER_COVERAGE_FILE and select Save 
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to begin the file generation. A progress display graphic will be presented twice, because the compilation of 

the coverage file is a two-step process. This graphic shows the file name, a tabular value of percentage of 

file completed, and a fill-bar graphic showing progress toward completion. When file generation is 

completed, a graphic like that seen in Figure 11-11 will appear. After examining it, click OK to return to 

the main menu. 

11 R PT OTTTNG T JNF COVERAGE CONTOURS 

Line contours showing isochrones of satellite coverage can be plotted using the coverage file created in 

Section 11.7. The Graphics Window should again be the active window because it is used for output of the 

contours. If not, the menu selection LUindOW/ORTS Graphics U) in do 111 will bring it to the front. 

Next select Plot/Line Contours /Options to bring up the line contouring options dialog shown in 

Figure 7-30. Contour Levels can be loaded quickly using the OPEN File button, which brings up the 

standard Macintosh file interface. Identify and highlight the file SAMPLE_LEVELS_LIST which is 

provided with the OATS program, and enter OPEN to return to the line contours dialog. Verify that the 

Cumulative Coverage and Percentage of Time radio buttons have been selected. The meaning of these 

coverage choices is explained in Section 7.9. Verify that the Labeling of Contour Values is turned ON and 

that the INTEGER Values button has been selected under Plot/Line ContOUTS/Line Labels . The 

line contours dialog has a great more depth than may be indicated from this basic example~the user is 

referred to Section 7.9 for more details. Selecting OK returns the user to the main menu. 
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Figure 11-12. Example Map Plot with Line Coverage Isochrone Contours 
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Plotting of the line contours is initiated by the menu selection Plot/Line Contours/Plot. The 

Macintosh standard file interface dialog will appear, from which the user should select the 

USER_COVERAGE_FILE. Clicking the OK will produce the line coverage diagram shown in Figure 11- 

12. 

11.9 T.OOK-ANGLE ANALYSIS 

Look-angle coverage analysis is used to produce a tabular list of data describing where and when a ground 

station will be able to view a satellite as it passes overhead. This coverage analysis also requires that initial 

parameters be set in three setup dialogs, but none of these is shared with the previous functions. 

The menu selection of Couerage/GS Look Angles/Select GS brings up the dialog shown in 

Figure 8-12. For this example, click on the Aerecebo station to make it active and exit with an OK. The 

Couerage/GS Look Angles/Select Ephemeris File menu is used to select a file for analysis 

from the list of open ephemeris files as seen in Figure 8-13. This dialog must be visited to identify the file 

for the program, even if only one file is open. The third setup dialog is shown in Figure 8-14 and is 

brought up by choosing Couerage/GS Look Rngles/Set Frequencies, it is used to set the 

uplink and downlink communication frequencies so that signal attenuation may be computed. In this 

example, the Link Margin flag should be turned off and the dialog exited with an OK. 

Look Angles Run Parameters 

Vear(VVVV): 

Month (MM): 

Day (DD): 

Hour(HH): 

Minute (MM) 

Sees, (ss.ss): 

fluailable File Time Sp« 
10-23-1996, 11:37 

Step Size (seconds): 

ISl Hopfield Pr 

H Rtmospher 

DShow Only 

Start Til ne      StoD Time 

11996   ( 

[iil 
1=1 
[»1 
iiil 

11996   | 

[To | 

I23 1 

I37 1 
158.00 |o.oo 

in : 
58.00 to 10-23-1996, 13:12: 

30.000 

opagation Corr 

c Refraction Cc 

BOS / LOS Point. 

ection 

irrection 

| OK     II       | Cancel ] 

Figure 11-13. Example Look Angles Dialog with Parameters Set 
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The look-angles computations are initiated by selecting Couerage/Run GS Look Angles. The 

dialog shown in Figure 8-12 will be displayed. The Start Time, Stop Time, and Step Size will already be set 

from previous examples. The user should verify that Hopfield Propagation and Atmospheric Refraction 

checkboxes are marked as shown in Figure 11-13, and exit the dialog with an OK. The Macintosh standard 

file interface will appear and should be used to assign a Look Angles File name for the look-angle 

computations. Computations will be shown in the Tabular Window and will also be echoed in the output 

file. Exiting the standard interface with a Save produces the output shown in Figure 11-14. Note that the 

middle sections of the output have been removed for brevity. All data relevant to the look-angle setup is 

displayed in the output header data. 

dMVTE F»SS STATISTICS 

Stxt Tine (Y.MAh^n.sec):   199610 3 1137 58.000000 

Stop Tims CWVymsec):   193610 3 1312 0.000000 

Tire IiumHit:       30.030003 sanrrfe 

I: YES Lirk Wxgins: fO   ÄH£S Cnly: N3 taipurancrai ipncns — rcpneia uxrecuun: ID HOIQ^JH-IL rerruxiu 

(rand Statten tare : tfBSD 

LAT.LOCCcbg)    19.100 -71.330 ALTITQffl)     0.030 WN.aß/(dEg) 0.033 

Carplete Cote         Azimrth Elevation Rnge Rngätate    Rcrgftite Strfcw/CB/ 

YR M3 CY tir Mi Sees      (Dag) (teg) 0*0 Qto-Sec) (HM) Status UB 

193610 3114414.97 327.9379 -0.0333 2556.237 -4870.0193 -16.2445 --   !/CS 

193610 231144 28.03 329.4334 0.5576 2493.3810 -4763.5999 -15.8795 -- 

193610 31144 58.00 333.1S78 1.6463 2354.5533 -4471.5929 -14.9155 -- 

129610 31145 28.00 337.3828 2.7505 2225.2763 -413.7130 -13.7551 -- 

133610 31145 58.03 342.0R33 3.9570 2107.4340 -3703.1470 -12.3690 -- 

199610 31146 3.03 347.2834 5.0353 2333.1858 -327.2587 -10.7316 -- 

193610 31150 58.00   46.3201 5.4532 193.6357 3353.4030 13.1851 -- 

199610 311513.00   51.6900 4.3488 2373.3159 3570.4954 11.9103 -- 

193610 3115158.03   56.5256 3.1933 2187.2964 4010.4861 13.3776 -- 

193610 31152 3.03   83.868 2.0335 313.423 4380.1383 14.6103 -- 

193610 31152 58.03   64.7333 0.9245 2449.708 4688.13a 15.6383 -- 

199610 31153 21.30   67.4601 0.0333 2551.4434 4390.5138 16.3131 —   !LC& 

Figure 11-14. Look-Angle Example Computations 
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11 in SNAPSHOT EXAMPLE 

As the final exercise in these quick-start examples, a snapshot will be generated. It is necessary to have at 

least two satellites to define a meaningful snapshot. The first can be the J2_USER_EPH.EMER.IS 

generated in Section 11.2. The second will be called J2_USER_EPHEMERIS2 and can be generated by 

the user in the same fashion as the first, except that an inclination of 55 degrees can be used to make the 

ephemeris a little different. For this very simple example, no ground stations or constraints are used. With 

the Plot/Couerage Snapshot/Select menu option, the dialog shown in Figure 7-36 will appear. 

Selection of New permits the user to define a new snapshot, the parameters for which are shown in Figure 

11-15. Note that both of the active ephemeris files are chosen for the snapshot, a title is required, a time of 

1 lh40m is chosen, and the snapshot is defined as the intersection of the FOVs. 

Define New Snapshot 

Available Ephemeris Files             2 Selected for Snapshot                  2 

J2_USER_EPHEMEBIS 
J2_USER_EPHEMERIS2 

<> 

<> 

J2_USER_EPHEMERIS 
J2_USER_EPHEMERIS2 

<> 

Select 
Delete 

*► 
Clear 

f   fiLL   1 
k Select ^ 

Snapshot Identification 

QUICK-SNAPSHOT 
□ Freeze Color 

Click for Color Picker 
Click/Hold for Color Table 

1996 

Ruailoble Time Span 
10-23-1996,11:37:58.00 to 10-23-1996,13:12:0.00 

Build Snapshot Rs : 
O Union of ALL FOUs 
(_> Intersection of RLL FOUs   
O Union of all N-fold FOUs ^ I        I 
O Union of all > or = N-fold FOUs   ^ ' ' 

10 

Snapshot Time : 

Vear(YVVV) 

Month (MM) 

Day (DD) 

Hour(HH) 

Minute (MM) 

Sees, (ss.ss) 

23 

11 

40 

0 

OK Cancel 

Figure 11-15. Definition of Quick-Start Snapshot 

Implementing the Plot/Couerage Snapshot/Plot or the 3§-H command-key yields a snapshot 

plot like that seen in the shaded area in Figure 11-16. In order to clarify the snapshot, the background map, 

the two satellite tracks, and the outlines of the two FOVs at the designated time are also plotted. The 

Plot/Couerage SnapshOt/StatistiCS/Compute command will reveal that this snapshot 

covers an area of 9351363.904 km2 when a grid size of 6.0 degrees is utilized. 
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Figure 11-16. Plot of Sample Snapshot 
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ACRONYM LIST 

AOS - Acquisition of Signal 

ECF - Earth Centered Fixed 

ECI - Earth Centered Inertial 

FOV -Field of View 

GS - Ground Station 

LOS - Loss of Signal 

OATS - Orbit Analysis Tools Software 

OLES - One Line Element Set 

SDC - Space Defense Center 

sea - self-extracting archive 

TLES - Two Line Element Set 

WGS84 - World Geological Survey 1984 
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GLOSSARY 

command-kev: designation for a Macintosh procedure initiated using a two key sequence. A command-key 

is implemented by pressing and holding the 9€  key (also shown as ), and then pressing another key. 

coverage time: the interval between Acquisition of Signal (AOS) and Loss of Signal (LOS). 

elevation mask: for a ground station, the elevation mask defines the portion of the station's hemispherical 

horizon not visible to the station; it is the elevation above the horizon above which a satellite must rise 

before it can be viewed by a ground station. 

herg: a unit of time measure commonly utilized in orbital mechanics; it equals 806.8120769 seconds and is 

the orbital period of an imaginary satellite rotating about the Earth at zero altitude. 

isochrones: lines connecting points on the Earth's surface that have equal values of time duration of satellite 

coverage. 

outage time: the interval between LOS and AOS. 

revisit time: the interval between one AOS to the next AOS. 

swath: the area on the Earth's surface swept out by the field-of-view of a satellite as it rotates around the 

planet and scans over the surface. 
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APPENDIX A - SENSOR TERMINOLOGY 

A.l ANTENNA PATTERNS 

Version 5 of the OATS software supports both nadir-pointing and non-nadir-pointing conical satellite 

sensor patterns. OATS also supports an annular satellite field-of-view, which is a variation on the conical 

sensor pattern wherein a conical "hole" exists centered in the antenna pattern. The sensor pattern is always 

symmetric about an axis known as the boresight direction. The viewing geometry for a nadir-pointing 

satellite is depicted in Figure A-1. In this diagram the boresight direction is Earth-centered, but this will 

not necessarily be the case when attitude data is used. 

r = earth radius 

b = boresight direction 
ro = satellite orbital radius 

<t> = cone angle 

e = earth central angle 

°P = primary elevation angle 

°s 
= secondary elevation angle 

Figure A-1. Satellite Antenna Pattern Geometry 

Where required under the Plot and COUerage menus, the user can define the sensor pattern by 

selecting an antenna type of cone angle, earth central angle, or elevation angle. For these cases, a single 

angle defines the sensor FOV. Program dialogs designate this single angle as the primary angle, even 

though no other angle is necessary. Selection of an antenna type that is annular requires specification of 

both the primary elevation angle and the secondary elevation angle. It is required that the secondary angle 
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specify the interior edge of the annulus and the primary angle specify the interior edge of the annulus. and 

OATS will sort these two data inputs in order to maintain the required relationship. 

A.2 ATTTTUnF. TRRMTNOLOGY 

Spacecraft attitudes and the orientation that they impart to an antenna sensor are implemented in OATS by 

specification of the sensor boresight direction. Three possible coordinate systems are available in which to 

specify the attitude, including: 

• Inertial System (X,Y,Z) - The fundamental plane is the Earth Equator. The X direction lies in the 

fundamental plane in the direction of the Vernal Equinox. The Z direction is the North Pole, and Y = 

Z cross X. 

• Orbit Local Coordinate System   (x,y,z) - Where x is in the direction of the velocity vector, y is 

normal to the plane of the orbit, and z = x cross y 

• Perifocal Coordinate System (XW,YW,ZW). Where Xw points toward the orbit perigee, Zw is in the 

orbit normal direction, and Yw = Zw cross Xw. 

Within these three coordinate systems, OATS permits specification of satellite attitude in four ways: 

1. Nadir Pointing 

The sensor boresight direction is toward nadir. For circular orbits this corresponds to the -z direction 

in the Orbit Local Coordinate System 

2. Roll/Pitch/Yaw 

The Roll / Pitch / Yaw system allows the sensor direction to be specified as a rotation about the orbit 

normal coordinate system. When using this specification type, the sensor boresight is rotated by the 

roll, pitch, and yaw angles away from the -z direction. The rotation convention is taken in the 

following order: 1) pitch about y, 2) roll about (new) x, 3) yaw about (new) z. "New" x means the x 

direction after the pitch rotation, and "new" z means the z direction after the pitch and roll rotations. 

When the roll, pitch, and yaw angles are zero, the sensor boresight is in the -z direction. 

3. Right Ascension / Declination 

The right ascension / declination system allows the sensor direction to be specified with respect to 

the inertial system X, Y, Z. The right ascension angle is measured in the equatorial plane from X in 

the direction of Y. The declination angle is measured from the X/Y plane in the Z direction. 

4. Perifocal 

The Perifocal system allows the sensor direction to be specified with respect to the satellite orbit. 

The direction parameters are simply Xw, Yw, and Zw, as defined by the perifocal coordinate system 

above. 
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APPENDIX B ■ TIPS FOR PROCESSING WITH OATS 

TIP # 1 - HDUHNCED PRINTING TECHNIQUE 

The Macintosh screen resolution of 72 pixels/inch is lower than what most printers can achieve. Printing a 

screen plot with an "as-is" resolution will result in significant granularity in the drawing. To reduce this 

problem and work with a higher printing resolution (more pixels per inch), the user can choose a smaller 

"percent reduction" (see Section 5.4). Maximum resolution and detail can be achieved with a LaserWriter 

(300 dpi) using a 25% reduction setting when printing. However, such a reduction can result in a hardcopy 

plot that is diminutive. Selective sizing of the Graphics Window that is being plotted such that it is set to 

be significantly larger than the display size of most monitors allows a normal sized final output page to be 

printed. DynaFace and OATS can work with this setup, but the user should understand that only a small 

portion of his oversize plot will show in the Graphics Window and that the full plot can be viewed in the 

Reduced View Window. 

TIP # 2 - SQUARE GRRPHICS UJINDOUJ 

OATS is capable of supporting any size graphics window that can fit on the screen, but the user is advised 

that a square window is usually preferred. Rectangular windows are quite acceptable, and there may be 

some occasion (e.g. some variations on Mercator plots) where they might improve the readability of the 

plot. However, the user should note that non-square windows do introduce a distortion into the plots that 

can be confusing and which may not transport well to other applications. 

TIP #3 - PICTURE CROPPING 

Maps and pictures drawn using OATS can be incorporated in other documents using the OATS Copy or 

Cut menu options, and then a Paste in the targeted document. Sometimes during this process the map 

borders may be large enough that an unacceptably large amount of white space is also copied along with 

the map if a Select Rllis used to specify the area copied. This is commonly the case when using a 

rectangular map projection with a square window. To alleviate the problem, it is possible to redefine the 

window size and border size and redraw the map; however, it is more efficient to eliminate the white space 

by cropping the picture before transfer. This is done by positioning the cursor a few pixels above and to the 

left of the OATS map. Push and hold the Apple () key, and click and hold the mouse. Drag the cursor to 

a few pixels below and to the right of the map. This encloses the map being transferred in a minimized 

marquee, and selects this minimized area to be transferred. Then using Copy PiKelS and Paste will 

not move the excess white space to the user's document. 
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TIP #4 - GHOST LINES 

One of the peculiarities of OATS is that it can leave a "ghost line" when plotting any FOV under selected 

circumstances. This problem can occur when plotting an FOV where the attitude of the spacecraft is such 

that the outline of the FOV extends beyond the visible limb of the Earth. This orientation produces a 

normal FOV outline that typically resembles a bell-shaped figure. If the sensor is annular, and the outline 

of the inner hole also extends beyond the Earth's limb, a ghost line can occur. The total FOV is derived by 

computing the FOV of the primary sensor angle and subtracting out the FOV of the secondary sensor angle. 

Ghost lines occur because the subtraction is imperfect, and a few pixels appear along the edge of the 

interior hole that follows the Earth limb. 

TIP #5 - LIMB GRAZING FOUs 

OATS has a known problem with drawing FOVs for sensors that are oriented at an extreme angle away 

from nadir pointing. Often in such cases, the FOV locus is made up of a part where the sensor pattern 

intersects the Earth and a part that is the local horizon. In cases where only a small fraction of the sensor 

pattern intersects the Earth, OATS sometimes incorrectly computes the horizon. While this error has not 

been corrected in version 5, its occurrence is detected by the software. When the error condition is detected 

OATS approximates the FOV by connecting the ends of the intersection locus. This error is most likely to 

occur when combining large sensor cone angles with large off-nadir attitudes. It will not occur for nadir 

viewing sensors. 
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APPENDIX C - REVIEW OF ORBITAL ELEMENTS 

This users manual is not an appropriate vehicle for a comprehensive discussion of orbital elements or the 

mathematical models behind the various orbit propagators; however, the authors do furnish this section as a 

basic explanation of the terminology used to specify orbital elements. For an in-depth review of the 

derivations of the orbital elements, the user is directed to Reference 14. For a better understanding of the 

orbit propagators, see Section 6.1 and the references cited therein. The review of orbital element 

terminology applies throughout the document, but is especially relevant to the Section 10.1 discussion of 

orbital elements and the Section 6.3 discussion of the entry dialogs for orbital elements. 

y 

Figure C-l. Cartesian Representation of a Body in Space 

The position of any satellite in space, S can be represented by its position vector r(t) as shown in Figure C- 

1.   If r is represented as the sum of its three-dimensional Cartesian vector components: 

r(t) = K(t) + y(t) + z(t) 10-1 

then any motion of the body can be represented as the time rate of change of each of the vector 

components, or the velocity vector U(t): 

u(t) =   dHÜ)   +   dy(t)   +   dzü) = K(t)  + y(t)  + z(t) 

dt dt dt 
10-2 

This simple formulation of orbital elements is the Cartesian state vector used by the RUK12 propagator. 

Orbital elements are specified by H, y, Z, and Kdot, ydot, and Zdot at a known point in time. The RUK12 

propagator then takes the known position and velocity, combines them with the equations of motion, and 

repetitively projects the position and velocity at some small increment of time At beyond the known time. 
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Only two other factors are required to specify the RUK12 orbital element set. The first is a flag that defines 

if the supplied position and velocity vector components are given in the ECI or ECF coordinate frame (see 

Section 6.2). The difference between the two is a rotational coordinate transformation that accounts for the 

difference in the placement of the zero point in time, aswell as the rotation of the ECF system The second 

factor is an orbit decay term, showing how much the orbit is shrinking over time. Decay rates for typical 

stable orbits are near zero, and most often are provided as a small constant value if they are important at all. 

Decay rates can become large and non-constant for very low atmosphere-grazing orbits or in the presence 

of transient external forces like solar flares. In addition to the conceptual simplicity of the orbital elements, 

the RUK12 propagator has an advantage over the other available propagators in that it can propagate any 

trajectory. These advantages are offset by the fact that this propagator is computationally intensive and 

much slower than the other options available. 

A somewhat more common approach to the problem of specifying the orbital elements for a spacecraft is to 

assume that the satellite is gravitationally bound to the Earth. Such a satellite follows a closed path that is a 

conic section called an ellipse. This simplifying assumption transforms the problem of specification of 

orbital parameters to one of specification of parameters that define the geometrical shape and orientation of 

the ellipse. Other non-closed conic section orbits are of course physically possible (e.g. parabolic or 

hyperbolic paths); however, with the exception of the RUK12 propagator, OATS orbit propagators are not 

relevant to such orbits. There are always minor deviations from a true ellipse in a satellite orbit-deviations 

that are caused by real-world factors like atmospheric drag, solar radiation pressure, deviations of the Earth 

from a spherical shape, non-uniformities in gravitational pull on the satellite, or forces originating in the 

satellite itself like engine firings or outgassing. Some of the propagators available in OATS (e.g. SGP4) 

account for the largest of these deviations, but over time there will always be degradation of an orbit and 

evolution of the orbital elements. This is why every set of orbital elements is furnished with an epoch at 

which the elements were calculated and at which the elements are correct. The further in time that an orbit 

deviates from the source epoch, the larger the errors that can be expected to be found. 

An ellipse is defined as the collection of points in a plane, such that for each possible point the sum of 

distances from two fixed points to the ellipse point is a constant value. The basic geometry of an ellipse is 

shown in Figure C-2. The center of the Earth will always occupy one of the defining points for the ellipse, 

known as a focus (F,). The other focus (F2) is empty, but for most real orbits this focus lies within the 

diameter of the Earth. The distance RB is the greatest diameter of the orbit, called the major axis. Both 

foci are equi-distant from the center H and located on the major axis. The distance CD is the smallest 

diameter of the orbit, called the minor axis. RB and CD are the axes of symmetry of the ellipse, and meet 

at the center at H and cross at a right angle to each other. The distance RK or BH is known as the semi- 

major axis, a. This distance is also the mean distance of the satellite from the center of the Earth at focus 
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F,. The stretching (or flattening) of the ellipse is measured by a unitless quantity called eccentricity, e. If 

C is the distance from the center to a focus, then: 

e = c / a or c = a * e 10-3 

A circular shaped orbit is merely a special case of the ellipse where e = 0. If 5 represents a satellite in 

Figure C-2 moving along its orbit at an arbitrary time t, then the position of the satellite can be specified by 

the angle f, the true anomaly. 
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Figure C-2. Basic Geometry of an Orbit Ellipse 

While the semi-major axis, eccentricity, and true anomaly are adequate to define the shape of the orbit they 

do not determine the spatial or temporal orientation of the ellipse relative to the Earth. The classical 

solution to this problem is to define three angles-an inclination i, a right ascension Q, and the argument of 

perigee to—as shown in Figure C-3. 

For Figure C-3, the KIJZ Cartesian coordinate system is defined such that the xy plane coincides with the 

Earth's Celestial Equator (equatorial plane) and the +K axis is aligned with y, the Vernal Equinox. Also 

known as the first point of Aries, y is the point on the celestial sphere where the ecliptic (apparent path of 

the sun) crosses the celestial equator in the spring. The inclination angle i is the angle between the orbit 

plane and the Earth's equatorial plane. Inclination is measured around the line of intersection of the 

equatorial and orbit planes, also known as the line of nodes. This line connects the ascending node RN 

(the point on the equator where the satellite passes from the southern hemisphere to the northern) to the 

descending node DN (where the satellite passes from northern to southern). The angle Q is the right 

ascension angle between the vernal equinox and the ascending node as measured in the equatorial plane. 

The third angle co is the argument of perigee.  It is defined relative to the perigee (perifocus), or closest 
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approach to the central body around which the satellite is orbiting.  The perigee is labeled point B.  The 

argument of the perigee is the angle from the ascending node to the perigee measured in the orbital plane. 

perifocus 

orbit 
plane 

■y -<-t  *- +y 

Celestial Equator 

AN 

Line of Nodes 

Figure C-3. Orientation of Orbit Ellipse Relative to Earth 

The six coordinates of the ellipse, a, e, f, i, co, and Q, are sufficient to completely specify an orbit, and can 

be used in conjunction with an epoch and a flag designating an ECF or ECI coordinate system for the 

orbital elements for the J2 propagator. However, these often do not represent the easiest formulation of the 

orbital elements to work with. 

Figure C-4 presents an alternative geometrical representation of the orbit ellipse which is intended to 

complement the basic schematic presented in Figure C-2. In this figure, a circumscribing auxiliary circle is 

placed around the ellipse. P now designates the point of perigee. The geometry shows the auxiliary angle 

E, eccentric anomaly, which is introduced as an intermediate computational and comprehension step. 

Eccentric anomaly is defined as the angle measured in the orbital plane from the axis of perigee passage to 

a line containing the center and another point defined by the projection of the moving vehicle in the axis 

perpendicular to the perigee axis upon an auxiliary circle circumscribing the ellipse of satellite motion. In 
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Figure C-4 the projection of the satellite on the circle is a fictitious satellite Sm . The mean angular rate of 

the satellite, called mean motion, is usually symbolized as n. Mean motion is the angular rate of the 

fictitious satellite as it travels around the circumscribing circle. By definition fl is an easily specified 

constant value, whereas the true angular rate of the satellite around an ellipse varies with position on the 

ellipse. The mean anomaly, M, is another auxiliary angle that physically represents the angular 

displacement of the fictitious satellite and the mean angular rate of the satellite. The quantities n and M 

represent the last of the orbital elements typically used as inputs for the J2, SGP4, and PPT2 propagators. 

Useful relations of these two quantities are as follows: 

M = E - 6 * sine E 10-4 

n = 2rc/period = -.M ■/ 3 10-5 

where [l is the combined mass of the satellite and the Earth, usually rounded to just the mass of the Earth. 

Figure C-4. Geometric Representation of Mean Motion 
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